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[TITLE OF THE INVENTION] 
5 TROIDAL TYPE CONTINUOUSLY VARIABLE TRANSMISSION DISK 

[ABSTRACT OF THE DISCLOSURE] 

[OBJECT] It is an object of the invention to provide a troidal 
type continuously variable transmission diskwhich not only permits 

10 the production cost thereof but also can extend the life thereof. 
[STRUCTURE] The disk 1 includes a traction surface 4 having 
a concavo-arc-shaped cross section which is interposed between 
a small diameter end portion 2 and a large diameter end portion 
3. In the central portion of the end face of the disk on the 

15 small diameter end portion 2 side, there is formed a through 
hole which extends through the disk up to the large diameter 
end portion 3 side end face of the disk, while the inner peripheral 
surface of the through hole is used as an inside diameter surface 
5 of the disk 1. Here, when, among metal flows 6 existing in 

20 the disk 1, a metal flow 6, which has such a positional relationship 
with respect to the surface of the disk that an angle 9 formed 
between a metal flow on the traction surface 4 side and the tangent 
of the traction surface 4 is smaller than or equal to 30°, is 
defined as a "metal flow 6 along the disk surface", the disk 

25 1 is structured such that the "metal flow 6 along the disk surface" 
exists at least in the traction surface 4. 



WHAT IS CLAIMED IS: 

1. For use in a troidal type continuously variable 
transmission comprising input and output disks each including 
5 a traction surface of a concavo-arc-shaped cross section interposed 
between a small diameter end portion and a large diameter end 
portion and disposed concentrically with each other with their 
respective traction surfaces opposed to each other, and a power 
roller fictionally engageable with the respective traction 

10 surfaces of the input and output disks to thereby transmit power, 
a disk including metal flows, wherein, when, among said metal 
flows, a metal flow, which has such a positional relationship 
• with respect to the surface of said disk that an angle 0 formed 
between a metal flow on said traction surface Side and the tangent 

15 of said traction surface is smaller than or equal to 30% is 
defined as a metal flow along said disk surface,, said disk is 
structured such that said metal flow along said disk surface 
exists at least in said traction surface. , 
BACKGROUND OF THE INVENTION v 

20 [0001] 

1. Field of the Invention 

The present invention relates to a disk , for use in a 
troidal type continuously variable transmission which can be 
used in vehicles, various kinds of industrial machines, and the 
25 like. 
[0002] 

2. Description of the Related Prior Art 

A troidal type continuously variable transmission 
comprises, for example, as shown in Fig. 15, input and output 
30 disks a and b which are disposed concentrically with each other, 
and a power roller c which is interposed between the respective 
traction surfaces f and i of the input and output disks a and 

[0003] . : ;; " ' ' * %^^^>-'>> ; ''; 



In the input disk a, between the small diameter end portion 
d and large diameter portion e thereof/ there is formed a traction 
surface f the cross section of which provides a concavo- arc 
shape and, in the output disk b, similarly, between the small 
5 diameter end portion g and large diameter portion h thereof, 
there is formed a traction surface i the cross section of which 
provides a concavo-arc shape. On the side of the input disk 
a that is distant from the power roller c, there is concentrically 
disposed a loading cam through a plurality of engaging rollers 
10 (both of them are not shown) , so that/ due to the oil pressure 
that is supplied between the loading cam and input disk a, a 
driving force proportional to a torque can be applied toward 
the input disk a, * 
[0004] 

15 The power roller c is a device which can be fictionally 

engaged with the respective traction surfaces f and i of the 
input output disks a and b to thereby transmit power; and, the 
power roller c is supported by a threonine j in such a manner 
that it can be inclined in the diameter direction of the input 

20 output .disks and b. And, if the threonine *j is operated by a 
drive mechanism (not shown) to thereby change the contact positions 
of the power roller c in the diameter direction thereof with 
respect to the input and output disks a and b, then a rotation 
speed ratio between the input and output disks a and b, that 

25 is, a speed change ratio can be varied continuously, 
[0005] 

By the way, the troidal type continuously variable 
transmission is required to transmit a higher torque and, for 
this reason, the input and output disks a, b and power roller 
30 c receive very large repeated bending stress and repeated shearing 
stress when compared with ordinary mechanical parts (such as 
ordinary gears and bearings) ; and, in the input and output disks 
a and b, especially, as shown by fine hatchings in Fig/ 17, the 
traction surfaces f r ir small diameter end portions d, a, and 



small diameter end portion side d (g) inside diameter surfaces 
receive large repeatedbending stress andrepeated shearing stress . 
Therefore/ when manufacturing the input and output disks a and 
b, it is necessary to use such highly durable material that can 
5 resist such repeated bending stress and repeated shearing stress . 
[0006] 

Conventionally, to manufacture the input and output disks 
a and b, for example/ as shown in Fig. 12, cylindrical-shaped 
blank material (carburizing steel or the like) having a length 
10 equal to the axial length of the input and output disks a and 
b is shaved or cut to thereby produce such a final shape as shown 
in Fig. 16. 
[0007] 

[Problems to be Solved by the Invention] 

15 However, in the conventional method for manufacturing 

the input and output disks a and b, the yield of the material 
is poor and it takes long time to cut or shave the material, 
with the result that the production costs of the input and output 
disks a and b are soaring. 

20 [0008] 

Also, because a metal flow (the'flbw of structure) k 
is arranged along the axial direction of the disk, in the traction 
surfaces f and i with which the power roller c is fictionally 
engaged with a large pressure, the metal flow k comes to an end 

25 and/ actually, does not extend along the traction surfaces f 
and i. As a result of this, not only the material is easy to 
peel off in the portions of the traction surfaces f and i with 
which the power roller c is fictionally engaged, but also an 
impact crack or a fatigue crack is easy to occur in the input 

30 and output disks a and b starting at the broken portions of the 
metal flow k, thereby providing an obstacle to the long lives 
of the input and output disks a and b. . 
' '[0009] ' • . . . •■ /; ' •- - 

SUMMARY OF THE INVENTION 



The present invention aims at eliminating the drawbacks 
found in the disks used in the conventional troidal type 
continuously variable transmission - Accordingly, it is an ob j ect 
of the invention to provide a disk for use in a troidal type 
S continuously variable transmission which not only can reduce 
the production cost thereof but also can realize a long life. 
[0010] 

By the way, in the center of the cylindrical- shaped blank 
material and in the neighboring portion of such center {that 

10 is, in Figs. 12 and 16, 0,3 D portions: where, D designates the 
diameter of the cylindrical-shaped blank material) , nonmetal 
interpositions, which have a great influence on the fatigue 
breaking strength of the disk, are high in density (see Fig. 
13) and, therefore, it is desired that the nonmetal interpositions 

15 are not present in the heavy bending stress areas of the disk 
. (for example, the inside diameter surface of the small diameter 
end portions and the like) and in the areas of the traction surfaces 
that receive the heaviest shearing stress- 
[0011] 

20 Referring now to the nonmetal interpositions, it is known 

that the strength of material with respect to repeated •bending 
stress is greatly influenced by the size of the defective portion 
thereof at which the breaking of the material can start. For 
example, in a book titled "Influence by minute defects and 

25 interpositions" (Written by Mr. Murakami, published by Yoken 
Do Co.), there is stated as follows: that is, 

The fatigue limit of material when repeated bending is 
applied to the material can be expressed by the following equation; 

30 K(Hv+j2 0) 

or. = ••■ (i) 

((area) 1 ' 1 ) 

where K: 1.43 (when a defect is present on the surface 
of the material) ; v , V 



K: 1.41 (when a defect is present in such a manner as 
to be in contact of the material surface) 

K: 1.56 (when a defect is present in the interior of 
the material) 

5 a w ; fatigue limit 

Hv: hardness of material (relating to the strength of 
the matrix of the blank material) , and/ 

(area) 1/2 : a square root of a projection area obtained 
when a defect or a crack is projected in the greatest main stress 
10 direction (an amount representing the dimension of a defect or 
a crack) . 
[0012] 

Therefore/ for a mechanical part which is used. under 
severe conditions such as the troidal type continuously variable 

15 transmission (thatis/ under such severe conditions/ themechanical 
part receives not only great repeated bending stress but also 
great repeated shearing stress) , it is desirable to use material 
in which a defect providing a starting point of the breaking 
of the material has been controlled. 

20 [0013] 

Generally/ it is known that the main defect cause of 
steel requiring high strength is an oxide-related interposition. 
As a method for controlling such oxide-related interposition/ 
there are known the JIS method ( JIS-G-0555) , the ASTM method 

25 (ASTM-E45) and the like. Also, for bearing material requiring 
especially high cleanliness, there are known a method which, 
for example, as disclosed in Japanese Patent Publication No. 
3-294435 of Heisei, melts material again using an electron beam 
melting method to float large-sized oxide-related interpositions 

30 of the material to thereby control the cleanliness of the material, 
and an extreme statistical method disclosed in the above-cit d 
book "Influence by minute defects and interpositions". (Written 
by Mr. Murakami, published by Yo ken Do Co. ) (thatis, a method 
in which the greatest oxide^reiated interposition diameter cer 



I 



unit area S 0 is investigated from several test pieces and/ after 
then, the thus investigated result is processed statistically, 
thereby predicting the greatest oxide-related interposition 
diameter in an area S required) . 
5 [0014] 

For a ball-and-roller bearing, a gear and the like, using 
the above-mentioned cleanliness controlling methods, the steel 
cleanliness is controlled so that they are able to perform their 
expected functions. However, in the disks and power roller which 

10 constitute the troidal type continuously variable transmission, 
the absolute values of the stress applied thereto (in particular, 
the contact surface pressure thereof is of the order of 4.0 GPa 
and the bending stress thereof is 90 kgf/mmz) .are large when 
compared with the ball-and-roller bearing, a gear and the like 

15 to which normal repeated stress is applied. Besides, not only 
the repeated bending stress and , repeated shearing stress; are : 
applied simultaneously to the disks atid power roller but also 
the volume thereof receiving such stress is large. For these 
reasons, in the troidal type continuously variable transmission, 

20 it is difficult to obtain sufficient strength using the 

above-mentioned interposition control. method.. That is, there 
is desired new means which can cope with the influence of the 
interpositions , 
[0015] 

25 [Means for Solving the Problems] 

In attaining the above object/ according to the invention , 
there is provided a disk for use in a troidal type continuously 
variable transmission comprising input and output disks each 
including a traction surface of a concavo-arc-shaped cross section 

30 interposed between a small diameter end portion and a large diameter 
end portion and disposed concentrically with each other with 
their respective traction surfaces opposed to each other, and 
a power roller fictionally engageable with the respective traction 
surfaces of the input and output disks to thereby transmit power, 



wherein the disk includes metal flows and also wherein, in the 
finished state of the disk after all necessary finishing operations 
are executed/ when, among the metal flows of the disk, a metal 
flow, which has such a positional relationship with respect to 
5 the surface of the disk that an angle 0 formed between a metal 
flow on the traction surface side and the tangent of the traction 
surface is smaller than or equal to 30°, preferably, smaller 
than or equal to 20°, is defined as a metal flow along said disk 
surface, the disk is structured such that such metal flow along 
10 the disk surface exists at least in the traction surface thereof. 
[0016] 

Here/ when the angle 8 of a metal flow with respect to 
the tangent of the traction surface exceeds 30 V then the metal 
flow becomes equivalent to an end flow (that is, a. metal flow 

15 which does not exist along the disk surface), which not only 
causes the material to peel off but also incurs the bending fatigue 
thereof or the like to thereby cause the disk to /break {that 
is, the crack life of the disk is shortened). • ~ . 

[0017] (/ ' 

20 Also, although it is desirable that the lower limit value 

of the angle 8 may be infinitely approximate to '<jV 0°, • as 
can be seen from the relationship between a state of the blank 
material after forged (shown by a two-dot chained line) and a 
state of the blank material after completion of working (shown 

25 by a solid line) in Figs. 5 and 9, for example, in the case of 
the traction surface 4 and inside diameter surface 2, the margin 
between them varies, with the result that the angles of metal 
flows 6 intersecting with the traction surface 4 and inside diameter 
2 after worked vary from the angles thereof after forged* For 

30 example, if a special attention is paid to one metal flow 6 after 
forged, then it is clear that it does not intersect with 
above-mentioned respective surfaces at a constant angle in their 
respective depth directions (which correspond to the margin amounts 
thereof) but the intersecting ancrles of th pi: s nt metal flow 



6 vary moment by moment. And, the intersecting angle 8 of the 
metal flow with respect to the respective surfaces used in the 
present application, that is, the angle 9 of the metal flow having 
an influence on the peel-off and bending fatigue of the material 
5 is defined that it does not mean the state of the blank material 
after forged but means the state of the blank material ^after 
worked, namely, the practically usable state of the material. 
[0018] N v 

Therefore, it may be sufficient that the metal flow 6 

10 after forged shows a. state which, when the working is completed, 
is believed to be able to provide the range of the angle 6 defined 
in the present application by means of a given margin. However, 
although a product . having the angle 0 equal to 0° or infinitely 
approximate to 0° is the most desirable from the viewpoint of 

15 the performance of the disk, it is also desirable, to reduce the 
margin as much as possible. Also, in order to avoid the variations 
in the margin, or in order to remove the margin at right angles 
or at other angles with respect to the surfaces, that is, due 
to the working need, if the angle 6 is obtained extremely severely, 

20 then poor working or similar inconveniences can occur, that is, 
the yield of the products can be degraded, with the result that 
the manufacturing cost of the disk is caused to rise. 
[0019] 

Since the present invention has an object to provide 
25 a disk which not only can improve the performance thereof but 
also can reduce the manufacturing cost thereof and a method for 
manufacturing the same disk, there is employedO = 2 - 30°, preferably, 
6=5- 20°. In particular, the lower limit of the angle 8 is 
defined mainly from the viewpoint of the improvement in both 
30 of the performance and yield, whereas the lower limit thereof 
is defined, as described above, mainly from the viewpoint of 
the improvements in the peel-off and bending fatigue. 
[0020] •. ' • .'. u >v.; • ■ • .v .•• ..V.- \-k -. : .'. 

The f orecroincf 'description is the definition of the metal 



flow existing along the disk surface. 

("i") Also, the "metal flow along the disk 
surface", preferably, may exist not only on the above-mentioned 
traction surface but also on the portion of the inside diameter 
5 surface of the disk that extends axially from the small diameter 
end face of the disk at least in the range of 1/3A where the 
length of the disk in the axial direction thereof is expressed 
as A. 
[0021] 

10 In this manner, the "metal flow along the disk surface" 

is formed in such a manner as to exist also on the inside diameter 
surface of the disk axially from the small diameter end face 
of the disk at -least, in the range of 1/3A. The reason for this 
is as follows: that is/ since a peripheral groove for a stop 

15 ring as shown in Fig. 17 and the like are formed in the inside 
diameter surface, the inside diameter surface is a portion which 
can be affected severely by the bending stress or the like; and, 
therefore, up to the area of 1/3A of the disk, it is necessary 
to dispose the metal flow along the disk surface in the range 

20 of 6 angle according to the invention. 

("ro") In this case, if the "metal flow existing along 
the disk surface" is formed in such a manner as to exist also 
in the end face of the disk on the small diameter end portion 
side thereof, then the bending fatigue and the concentration 

25 of the stress applied to the peripheral groove can be relieved, 
thereby being able to extend the life of the disk still further, 
("ha") Further, referring to Fig. 14, preferably, the 
"metal flow existing along the disk surface" may exist along 
the traction surface in the peripheral direction thereof in the 

30 range of an angle a of 45° or more/ preferably, 48° or more, where 
the angle a is an angle which is formed by the traction surface 
with respect to a horizontal line (a line extending in parallel 
to . the axis of the disk) passing through the 'center of radius 



[0022] 

In this case, the area that receives the severest bending 
stress and the like in the traction surface (see the fine hatching 
portions shown in Fig. 17) can be covered by the "metal flow 
5 existing along the disk surface"/ which makes it possible to 
prevent the breakage of the disk caused by the bending stress 
and the like. ■--<> 
("ni") Further, the troidal type continuously variable 
transmission disk according to the invention is manufactured 

10 by forging (which will be described later) using a mold. In 
this case, referring to Figs, 10 and 15, where the minor radius 
of a contact ellipse between the traction surface and power roller 
is expressed as b when the power roller is .set horizontal (that 
is, parallel to the axis of the disk), that is, when a speed 

15 change ratio is 1:1, preferably, a non metal interposition having 
a high density may exist in an area which is distant by l..Sb 
or longer in the depth direction from the traction surface. 
[0023] 

The reason for the above is as follows: that is, the 
20 area that receives the severest shearing stress in the tract ion^ 
surface is an area which exits within 1.5b in the depth direction 
from the traction 'surface and, therefore, if no i nterposition . 
js^rjs ^t_^^hj : s^area, then th eJLife^ ofthe di sjcjcjmno t^g, 
'Influenced at all (See Fig. 11) . ~ 
25 ("ho") Also, as described above, since the portion of 

the inside diameter surface that extends axially in the range 
of 1/3A from the small diameter end portion side end face is 
a portion which can be affected severely by the bending stress 
or the like due to the formation of the peripheral groove for 
30 the stop ring and the like, preferably, no interposition may 
be present in the present inside diameter surface 1/3A range 
portion. 
[0024] • 

By the way, Figs. 18 and 19 respective!' v show methods 



respectively for manufacturing a troidal type continuously 
variable transmission disk, which are disclosed in Japanese Patent 
Publication No. 9-126289 of Heisei. These disk manufacturing 
methods can be used to manufacture only the disk that includes 
5 a metal flow of 6 = 0° among the disks according to the present 
invention, but they are not able to manufacture the remaining 
disks including metal flows of other angles than9 = 0°. In brief, 
in the above-disclosed manufacturing methods, there are found 
some problems to be solved. 
10 [0025] 

In particular, referring at first to the conventional 
disk manufacturing method shown in Pig. 18, cylindrical-shaped 
blank material (carburizing steel or the like) n with its metal 
flows m extending on the outer peripheral surface of . the blank 

15 material . along the axial direction thereof is concentrically 
; held by and between an upper mold o and a lower mold p> and the 
blank material n. ; is then molded by a given , -among ; (see Fig. 18 
(b) ) . Here', the upper mold o includes a small diameter end portion 
molding surface s for molding the small diameter end portion 

20 r of a disk q and a traction surface molding surface u for- molding 
the traction surface t having a concavo-arc-shaped cross section 
of the disk q, whereas the lower mold p includes a large diameter, 
end portion molding surface w for molding the large diameter 
end portion v of the disk q. And, the upper mold o and lower 

25 mold p are moved further closely to each other to thereby pressure 
forge the blank material n in the axial direction thereof several 
times, so that not only the small diameter end portion r and 
large diameter end portion v are respectively molded in the upper 
and lower end portions of the blank material n respectively, 

30 but also the traction surface t is moldedbetween the small diameter 
end portion r and large diameter end portion v. 
[0026] . ; 

Next, as shown in Fig. 18 (c) , ,'the upper mold o and lower 
mold p are moved most clos ly to each other to thereby pressure 



forge the blank material n into the final shape of the disk q 
and, after then, not only the thus forged and molded final shape 
is ground or finished but also the inside diameter surface portion 
thereof is cut to thereby produce the inside diameter surface 
5 x of the disk ql, thereby completing the final product of the 
disk ql that is shown in Fig. 18 (d) . 
[0027] 

However, in the present conventional manufacturing method, 
since the cylindrical-shaped blank material n is forged up to 

10 the final shape of the disk ql using one kind of upper and lower 
molds o and p, the contact time between the upper and lower molds 
o, p and the blank material n is long, which makes it easy for 
the upper and lower molds o and p to be influenced by heat which 
is generated in the molding or forging operation; As a result 

15 of this, there is raised an inconvenience that the surface hardness 
of the upper and lower molds o and p can be lowered and the lives 
of the upper and lower molds o and p can be thereby shortened. 
[0028] 1 . ; ; 

Also, in the final stage of the above molding operation, 

20 because the space between the upper and lower molds o and p is 
filled with the blaJik* material n in a tightly closed state,- the 
thicknesses of the corner portions of the upper and lower molds 
o and p can be easily reduced or burrs are easy to occur in the 
present corner portions. Besides, if trying to improve the shape 

25 of disk ql by force, then an excessive molding load must be applied 
to the upper and lower molds o and p, with the result that the 
upper and lower molds o and p can be broken. 
[0029] 

Further, in the step to be executed after the blankmaterial 
30 is mold forged, the forged blank material is finished by grinding. 
Therefore, the grinding margin must be minimized in order to 
shorten the working time necessary for the grinding operation 
as much as possible.* As a result of this 9 it is necessary to 
reduce the degree of abrasion in the uboer and lower molds o 



and p during the forging operation/ so that the lives of the 
upper and lower molds o and p can be inconveniently shortened- 
[0030] 

In addition, since the upper and lower molds o and p 
5 are not structured such that they hold the cylindrical-shaped 
blank material n within their interior portions, the 
cylindrical-shaped blank material n is easy to shift from the 
centers of the upper and lower molds o and p, which results in 
the worsened working precision. 
10 [0031] 

Thus, in order to eliminate the above-mentioned 
inconveniences found in the conventional diskiaanuf acturingmethod, 
the present inventors have developed a conventionally unknown 
new disk manufacturing method as follows: that is, this disk 

15 manuf acturingmethod is suitable for manufacturing a disk according 
to the invention and, especially/ in addition to the disk according 
to the invention, the present method is ideal for manufacturing 
a disk which includes the before-mentioned respective means ("i") 
and {"ha") . 

20 [0032] 

In particular, the present disk manufacturing method 
comprises: 

a first step in which cylindrical-shaped blank material 
with its metal flows existing on the outer peripheral surface 
25 thereof and extending along the axial direction of the blank 
material is swaged using a first forging mold; 

a second step in which the swaged blank material is molded 
using a second forging mold to thereby form a portion of the 
inside diameter surface of the disk in the central portion of 
30 the upper end face of the blank material, and the shape of the 
molding surface of the second forging mold is transferred to 
the present inside diameter surface portion; and, > 

a third step in which the blank material ^obtained in ; 
the second st p Is molded using a third forqiner mold to thereby' 



form a small diameter end portion/ a traction surface and a large 
diameter end portion, the inside diameter surface portion molded 
in the second step is pushed further to such an extent as allows 
a residual wall to be left between the back surface of the large 
5 diameter end portion and the present inside diameter surface 
portion/ and further a burr is formed on the outside diameter 
surface of the present large diameter end portion, 
wherein, after the burr and residual wall of the mold forged 
product obtained through the respective steps are removed, the 
10 mold forged product is ground to thereby form a disk having its 
final shape, and the thus ground disk is heat treated and is 
finished* 
[0033] 

In the present disk manufacturing method/ since the mold 
15 forging operation is carried out in three steps using three kinds 
of molds, the contact time between the mold and blank material 
can be shortened, which makes it possible to reduce the heat 
influence on the molds during the molding operation* As a result 
of this, the mold surface hardness can be maintained in a good 
20 level to thereby be able to improve the lives of the molds used* 
[0034] 

Also, if the amount of swaging of the cylindrical-shaped 
blank material is increased in the first step, then it is possible 
to reduce the molding amounts not only in the second step but 

25 also in the third step in which a high molding load is required 
in order to obtain a shape approximate to the final shape of 
the product. As a result of this, the working burden of the 
forging mold in the second and third steps can be relieved so 
that the lives of the molds can be extended. 

30 [0035] 

Further, the increased swaging amount of the 
cylindrical-shaped blank mat rial in th first step can reduce 
not only the degree of, push-in of the inside, diameter surface 
portion of the forging mold in the second step but also the degree 



of further push-in of the forging mold inside diameter portion 
molded in the second step. This makes it possible to enhance 
greatly the life of the portion of the material of the forging 
mold that can be most influenced by heat. 
5 [0036] 

Still further, since the mold forging operation is carried 
out in three steps using three kinds of molds, the flow of the 
material during the forging operation can be set freely. This 
means that a shape matched to the final shape of the product 
10 can be set in the previous steps (that is, in the first and second 
steps) , thereby being able to provide a well-balanced mold forged 
product. 
[0037] 

Yet further, because the disk is obtained by grinding 
15 the mold forged product, even if the forged product before ground 
is a rough forged product (for example, a hot-forged product), 
the present disk manufacturing method is sufficiently able to 
deal with such forged product; and, because there is little need 
to pay attention to the abrasion of the molds (that is, because, 
20 even if the molds wear to some degree, they can still be used) , 
the costs of the molds can be reduced in the long run. . 
[0038] 

In addition, due to the fact that, in the third step, 
the burr is produced on the outside diameter surface of the large 
25 diameter end portion at the time when the molding operation is 
completed, tightly closed forging is avoided to thereby be able 
to prevent an unnecessary molding load from increasing. This 
makes it possible to improve the lives of the molds. 
[0039] 

30 By the way, if the height HI of the central portion of 

the blank material after it is swaged. in the first step is set 
in the range of 80 - 120% of the height 2 of the blank material 
when the forged product is completed in the third step, then 
the enhanced lives of the molds in the second end third steps 



can be achieved effectively. 
[0040] 

Also, in the above-mentioned first to third steps, by 
disposing positioning means which is capable of centering or 
5 positioning the respective forging molds with respect to the 
blank material, the blank material can be positioned accurately 
and positively in the molding center of the forging molds in 
each step. Thanks to this, the blank material can be always 
molded at the correct position to thereby be able to provide 
10 a high-precision mold forged product. That is, there can be 
provided a forged product in which a metal flow existing along 
the surface of the disk according to the present invention can 
be obtained by a post-machining operation. 
[0041] 

15 Next, description will be given below of the conventional 

disk manufacturing method which is shown in Fig. 19, This is 
a method in which part of the inside diameter surface x of a 
disk q2 is molded when the blank material is forged by molds. 
That is, at first, as shown in Fig. 19 (b) , the upper end portion 

20 of the cylindrical-shaped blank material n is drawn . to thereby 
set the diameter of the present upper end portion smaller than 
the diameter of the small diameter end portion r and, next, the 
cylindrical-shaped blank material n is concentrically held by 
and between an upper mold y and a lower mold z and is then molded 

25 by a given amount (see Fig. 19 (c) ) . The upper mold y includes 
a small diameter end portion molding surface s for molding the 
small diameter end portion r of the disk q2, a traction surface 
molding surface u for molding a traction surface t having a 
concavo-arc shaped cross section, and a projection al which is 

30 provided in the central portion of the small diameter end portion 
molding surface s for molding a portion of the inside diameter 
surface x of the disk q2 from the small diameter end portion 
r side. On the other, hand, the lower mold 2 includes a large 
diameter end portio'n molding surface w for molding the larcfe 



di&meter end portion v, and a projection a2 which is provided 
in the central portion of the large diameter end portion molding 
surface w for molding a portion of the inside diameter surface 
x of the disk q2 from the large diameter end portion v side. 
5 [0042] 

Next, the upper and lower molds y and z are moved to 
approach each other further and the blank material n is forged 
several times in the axial direction thereof/ whereby not only 
the small diameter end portion r and large diameter end portion 

10 v are molded respectively in the upper and lower end portions 
of the blank material n but also the traction surface t is molded 
between the small diameter end portion r and large diameter end 
portion v; and, then an operation to mold the inside diameter 
surface x by the projections al and a2 is started. 

15 [0043] 

Next/ as shown in Fig.. 19 (d) / the upper and lower molds 
y and z are moved further to approach each other most closely 
and the blank material n is mold forged into the final shape 
of the disk q2. In this forging operation, the inside diameter 

20 surface x is held in a state where the residual wall a3 thereof 
is still left. After then, the residual wall a3 of the inside 
diameter surface x is removed by cutting or by grinding to thereby 
complete the inside diameter surface x and, at the same time, 
the blank material n is further ground, which completes the final 

25 product of the disk q2. 
[0044] 

In the above-mentioned convention disk manufacturing 
method, there occurs a phenomenon in which the end points of 
the metal flows m appearing in the upper and lower ends of the 
30 cylindrical-shaped blank material n in Fig. 19 (b) are pulled 
into the interior of the cylindrical-shaped blank material n 
in Fig. ,19 (c) ; and, as a result of this, the metal flows exist 
along the surface shape of the disk q2 (8 «= 0°) ranging from 
the traction surface t to the small diameter end portion r and 



the portion of the inside diameter surface x that is located 

on the small diameter end portion r side thereof. 

[0045] 

However, in the step shown in Fig. 19 (c) , it is very 
5 difficult to mold the cylindrical-shaped blank material n in 
such a manner that the end points of the metal flows m are pulled- 
into the interior of the cylindrical-shaped blank material n 
and, therefore, in most cases, the end points of the metal flows 
m are left somewhere on the upper and lower end faces of the . 
10 blank material n. As a result of this, it is difficult to allow 
the metal flows having the angle of 0 = 0° to exist positively 
along the surface of the disk q2. 
[0046] 

Also, there is a high possibility that a high-density 
15 nonmetal interposition existing in the neighboring portion of 
the central portion of the cylindrical-shaped blank material 
n can be left in the portion to which the bending stress is applied 
severely, that is, a portion ranging from the small diameter 
end face of the disk q2 axially to the portion of the inside 
20 diameter surface that extends in the 1/3A range thereof , which 
has an ill effect on the life of the disk. 
[0047] 

Thus, in order to eliminate the inconveniences found 
in the above-mentioned conventional disk manufacturing method, 

25 the present inventors have developed a conventionally unknown 
new disk manufacturing method as follows: that is, this disk 
manufacturingmethodis suitable for manufacturing a disk according 
to the invention and, especially, in addition to the disk according 
to the invention, the present method is ideal for manufacturing 

30 a disk which includes all of the before-mentioned means ("i") 
to ("ho") . 
[0048] . • 

In particular, the present disk manufacturing method 
comprises: a first steD in which a cvlindrical-shaoed blank 



material with metal flows existing on the outer peripheral surface 
thereof and extending along the axial direction thereof is swaged 
using a first forging mold and, at the same time, the upper end 
portion of the present cylindrical-shaped blank material is drawn; 
5 and, a second step in which the blank material obtained in the 
first step is molded using a second forging mold to thereby form 
a traction surface and a large diameter end portion and, at the 
same time, a portion of an inside diameter surface is formed 
in the central portion of the present blank material in such 

10 a manner that a residual wall is left between the back surface 
of the large diameter end portion and the present inside diameter 
surface portion. And, the present disk manufacturing method 
is characterized in that, when forming a portion of the- inside 
diameter portion in the central portion of the blank material 

IS in the second step, the upper end portion of the present blank 
■material is restricted by a portion of the second forging mold 
to thereby prevent the present upper end portion frbm; increasing 
in diameter during the molding operation and, at the same time, 
a high-density nonmetal interposition existing in the central 

20 * portion of the present blank material Is pushed into the lower 
end side of the blank material to thereby expand the lower end 
side of the blank material outwardly in the diameter direction 
thereof; and, further, after the residual wall of the mold forged 
product obtained through the respective steps is removed, the 

25 blank material is ground to thereby mold the same into the final 
shape of the disk and the thus molded disk is heat treated and 
finished. 
[0049] 

In the present disk manufacturing method, it is possible 
30 to obtain a disk (a finished product) - simply and positively in 
which the "metal flows existing along the disk surface" each 
having the angle of 8 '« 2 - 30° exist respectively in the end 
face of the disk on the small diameter end portion side thereof, 
the traction surface of the disk, the outer t>eriohe*ral surface 



of the large diameter end portion of the disk, and the back surface 

of the large diameter end portion thereof. 

[0050] 

Also, partly because use of the mold forging operation 
5 makes it possible to reduce the diameter of the cylindrical-shaped 

• blank material, partly because, in the second step, the upper 
end portion of the present blank material is restricted by a 

• portion of the second forging mold to thereby prevent the present 
upper end portion from increasing in diameter during- the molding 

10 operation, and partly because the high-density nonmetal 

interposition existing in the central portion of the present 
blank material is pushed into the lower end side of the blank 
material to thereby expand the lower end side of the blank material 
outwardly in the diameter direction thereof, there can be obtained 

15 simply and positively a disk in which the high-density nonmetal . 
interposition does not exist in the following areas: that is, 
the area of the traction surface portion that receives the severest 
shearing stress in the traction surface portion, that is, the 
area extending in the depth direction from the traction surface 

20 by a distance less than 1.5 b; and, the area of the disk ranging 
axially from the end face of the small-diameter-end-portion side 
inside diameter surface portion receiving a severe bending stress 
due to formation of the peripheral groove for the stop ring up 
to the 1/3A (A is the axial length of the disk) range portion. 

25 [0051] 

By the way, preferably, in the second step, a burr may 
be produced on the outside diameter surface of the large diameter 
end portion at the time when the molding is completed. That 
is, the thus produced burr can avoid a tightly closed forging 
30 operation to th reby prevent an unnecessary molding load from 
increasing, which in turn makes it possible to enhance the lives 
of the molds. 

[0052] " v.; ' '.V. ■' * : ;. V - : v- " • • 

Also, ih . the above-mentioned first and second 'steos. ' 



by disposing positioning means which is capable of centering 
or positioning the respective forging molds with respect to the 
blank material , the blank material can be positioned accurately 
and positively in the molding center of the forging molds in 
5 each step. Thanks to this, the blank material can be always 
molded at the correct position to thereby be able to provide 
a high-precision mold forged product. 
[0053] 

[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 

10 INVENTION] 

Now, description will be given below of the preferred 
embodiments of a troidal type continuously variable transmission 
according to the invention with reference to the accompanying 
drawings. In particular, Fig. 1 is an explanatory view of the 

15 input and output disks of a troidal type continuously variable 
transmission which are a first embodiment according to the 
invention; Fig. 2 is an explanatory view of a first step employed 
in a disk manufacturing method; Fig. 3 is an explanatory view 
of a second step employed in the disk manufacturing method; Fig. 

20 4- is an explanatory view of a third step employed in the disk 
manufacturing method; Fig. 5 is an explanatory view of an example 
of a final step employed in the disk manufacturing method; Fig. 
6 is an explanatory view of the input and output disks of a troidal 
type continuously variable transmission which are a second 

25 embodiment according to the invention; Fig. 7 is an explanatory 
view of a first step employed in a disk manufacturing method; 
Fig. 8 is an explanatory view of a second step employed in the 
disk manufacturing method; and, Fig. 9 is an explanatory view 
of an example of a final step employed in the disk manufacturing 

30 method. 
[0054] 

At first, description will be given below of a disk (a : 
finished product) which is a first embodiment according to the 
inv ntion with reference to Fig. 1. This disk 1 includes a traction 



surface 4 having a concavo-arc-shaped cross section interposed 
between a small diameter end portion 2 and a large diameter end 
portion 3; and, in the central portion of the end face of the 
disk 1 on the small diameter end portion 2 side thereof, there 
5 is formed a' through hole which extends therethrough up to the 
back surface of the large diameter end portion 3, while the inner 
peripheral surface of the through hole provides an inside diameter 
surface 5. Here, with reference to Figs. 1 and 14, among the 
metal flows 6 that exist in the disk 1, a metal flow 6, which 

10 has such a positional relationship with respect to the surface 
of the disk 1 that the metal flow 6 on the traction surface 4 
side has an angle 6 of 2 - 30°, preferably, 5 - 20° with respect 
to a tangent P of the .traction surface 4, is defined as a "metal 
flow 6 along the disk surface". 

15 [0055] 

In the disk 1, a "metal flow 6 along the disk surface" 
having the angle 0 = 2- 30° exists in the traction surface d; 
a "metal flow 6 along the disk surface" having the angle G = 
2 - .30° exists in the area of the inside diameter surface 5 ranging 

20 from the end face of the inside diameter surface 5 on the small 
diameter end portion 2 side thereof to the range of 1/3A, where 
the length of the disk 1 in the axial direction thereof is expressed 
as A; and, a "metal flow 6 along the disk surface" having the 
angle 9 = 2- 30° exists in the outside diameter surface of the 

25 large diameter end portion 3 and in a portion of the back surface 
of the present large diameter end portion 3. 
[0056] 

Also, a "metal flow 6 along the disk surface" having 
the angle 6 = 2 - 30° exists in the traction surface 4 in such 
30 a manner that, with reference to Fig. 14, it extends along the 
peripheral direction of the traction surface 4 in the range of 
an angle a of 45° with respect to a horizontal line passing through 
the center of curvature 0 of the traction surface 4 (that is, 
a line extending in parallel to the axis of the disk lj . By 



the way, a metal flow 6 having the angle 9 of greater than 30° 
with respect to the tangent P of the traction surface 4 becomes 
equivalent to an end flow (a metal flow which does not exist 
along the disk surface) , so that such metal flow not only causes 
5 the material to peel off but also gives rise to the bending fatigue 
of the disk and thus the rupture of the disk (the lowered crack 
life) . 
[0057] 

In the thus structured disk 1/ since the "metal flow 

10 6 along the disk surface" having the angle 0 « 2 - 30° exists 
in the traction surface with which the power roller can be 
fictionally engaged with a large pressure, especially when the 
disk 1 is used under a low load condition/ not only the material 
in the engaged portion of the traction surface 4 where it is 

15 fictionally engaged with the power roller can be prevented from 
peeling off/ but also an impact crack or a fatigue crack is hard 
to occur in the disk 1 so that the long life of the disk 1 can 
be realized* 
[0058] 

20 Also/ because the "metal flow 6 along the disk surface" 

having the angle 0 « 2 - 30° exists in the area of the inside 
diameter surface 5 ranging from the end face of the inside diameter 
surface 5 on the small diameter end portion 2 side thereof to 
the range of 1/3A, within the portion of the inside diameter 

25 surface 5 that is relatively weak against the bending stress 
and the like due to the formation of the peripheral groove for 
the stop ring, the metal flow can be prevented from providing 
an end f low, which makes it possible to realize the further longer 
life of the disk 1. 

30 [0059] 

Further, since the "metal flow 6 along the disk surface" 
having the angle 0=2- 30° xists in the traction surface 4 
in the range of an angle a of 45°/ the area of the traction surface 
4 that receives the severest bendincr stress and the like in the 



traction surface 4 (see the fine hatching portion in Fig, 17) 
is covered by the "metal flow 6 along the disk surface thereby 
being able to prevent effectively the breakage of the disk 1 
caused by the bending stress and the like. 
5 [0060] 

Next, description will be given below of a method for 
manufacturing the disk 1 with reference to Figs, 2 to 5. 
(First Step) 

In Fig. 2, there is shown a first step (a swaging step) 

10 employed in the present disk manufacturing method, Inparticular, 
the left half section of Fig. 2 shows a state before the blank 
material is swaged, whereas the right half section of Fig. 2 
shows a state after the blank material is swaged, in the first 
step, a cylindrical blank material (carburizing steel or the 

15 like) Wl with metal flows 6 existing on the outer peripheral 
surface of the blank material and extending along the axial* 
direction of the blank material is interposed between an upper 
mold. 11 and a lower mold 12; and, next, the, upper mold 11 is 
moved in the axial direction of the cylindrical-shaped blank 

20 material Wl to swage the present cylindrical-shaped blankraaterial 
Wl, .thereby molding the same into a blank material W2 having 
such a shape as shown in the right half section of Fig. 2, Here, 
in the first step, a swaging ratio is set larger than an ordinary 
swaging ratio; and, in this case, if the height HI of the central 

25 portion of the blank material W2 after swaged is set in the range 
of 80 - 120% of the height H2 of a blank material W4 which is 
shown in Fig. 4 and is obtained when the forging operation is 
completed, then the lives of forging molds used in second and 
third steps (which will be discussed later) can be enhanced 

30 effectively. 
[0061] 

In the plane portion 12a of the lower .mold '12, there 
is formed a recessed portion 13 into which the lower end portion' 
of the cvlindrical-shaoed blank material Wl can be fitted; that 



is, if the lower end portion of the cylindrical-shaped blank 
material Wl is fitted into the recessed portion 13, then the 
cylindrical-shaped blank material Wl can be aligned with the 
lower mold 12 with accuracy. Also, in the central portion of 
5 the upper mold 11, there is provided a circular projecting portion 

14 having a diameter smaller than the diameter of the 
cylindrical-shapedblankmaterialWl; and, the circular projecting 
portion 14, in the swaging operation, molds the central portion 
of the cylindrical-shaped blank material Wl to thereby spread 

10 the diameter of the blank material. Further,' between the outer 
peripheral side plane portion 11a of the circular projecting 
portion 14 of the upper mold 11 and the circular pro jecting portion 
. 14> there is formed a curve molding surface 15 which is curved 
outwardly in the diameter direction of the upper mold from the 

15 circular projecting portion 14 in such a mariner as to expand 
gradually and upwardly and also which continues with the plane 
portion 11a of the upper mold. The present curve molding surface 

15 is capable of transferring the curved shape to the swaged 
blank material W2. 

.20 (Second Step: Intermediate Step) 

Now, Fig. 3 shows a second step employed in the present 
disk manufacturing method; and, the left half section of Fig. 
3 showa a state of the blank material before molded, whereas 
the right half section thereof shows a state of the blank material 

25 after molded,. The function of the second step is to give the 
optimum shape to the blank material in order that the volume 
of the blank material can be distributed properly, that is, in 
order to be able to prevent the reduced thickness and burrs from 
occurring in a third step* If the shape of the blank material 

30 formed in the second step is not proper, then, when the blank 
material is molded in the third step/ the burrs or the reduced 
thickness can be generated on the inside diameter corners (on 
the upper end side) of the blank material/ or burrs on the outside 
diameter surface of the larcre diameter end portion of the blank 



material (which will be discussed later) can be reduced in the 
thickness thereof . Also, another function of the second step 
is to give the blank material such a shape which allows alignment 
to be achieved positively between the blank material W3 and mold 
5 in the third step. 
[0062] 

Referring firstly to upper and lower molds 21 and 22 
employed in the second step, in the central portion of the plane 
portion 21a of the upper mold 21 , there is projectingly disposed 

10 a middle mold 25 which consists of a* substantially conical-shaped 
projection* On the other hand, the lower mold 22 includes, in 
the portion thereof that is located near the outer periphery 
thereof, an inclined portion 23 which is inclined obliquely 
upwardly, that is, outwardly in the diameter direction of the 

15 blank material W2 swaged in the first step; and, the blank material 
W2 can be aligned with the lower mold 22 where the lower end 
side outer peripheral edge of the blank idaterial W2 is in contact 
with the inclined portion 23 of the lower moid 22. At the then 
time, the lower end face of the blank material W2 is set in such 

20 a manner as to float slightly from the upper end face of a proj ecting 
portion 24 provided on the central plane portion 22a of the lower 
mold 22. 
[0063] 

And, in this state, if the upper mold 21 and middle mold 
25 25 are moved down integrally, then not only the middle mold 25 
invades into the upper end face central portion of the blank 
material W2 to thereby form a recessed portion 5a which is a 
portion of the inside diameter surface 5, but also the plane 
portion 21a of the upper mold 21 presses against the upper end 
30 face of the blank material W2 to thereby apply a molding pressure; 
and, due to this molding pressure, as shown in the right half 
section of Fig. 3, the shapes of the plane portion 22a, inclined 
portion 23 and projecting portion 24 of the lower mold 22 are 
respectively transferred to the lower end portion of the blank 



material W2, so that the blank material W2 is molded into the 
shape of the blank material W3. 

(Third Step) 

Now, Fig. 4 shows a third step employed in the present 
5 disk manufacturing method; and, in particular, the left half 
section of Fig. 4 shows a state of the blank material before 
molded, whereas the left half section thereof shows a state of 
the blank after molded. In the third step, an upper mold 31 
includes a small diameter end portion molding surface 33 for 

10 molding the small diameter end portion 2 of the disk 1, a traction 
surface molding surface 34 for molding the traction surface 4 
having a concavo-arc-shaped cross section, and a middle mold 
35 which is disposed in the central portion of the small diameter . 
end portion molding surface 33 and is used to mold a portion 

15 of the inside diameter surface 5 from the small diameter end 
portion 2 side; and, a lower mold 32 includes a large diameter ; 
end portion molding surface 36 for molding the large" diameter 
end portion 3, and a projecting portion 37 which is disposed 
in the central portion of the large diameter end portion molding 

20 surface 36 concentrically with the middle mold 35. Onto the 
projecting portion 37, there can be fitted the recessed portion 
26 of the blank material W3 to which the shape of the projecting 
portion 24 of the lower mold 22 was transferred in the second 
step. That is, if the recessed portion 26 is fitted with the 

25 pro j ect ing portion 37 , then the blank material W3 can be positioned 
in the central portion of the lowermold 32 accurately and positively. 
Also, on the outer peripheral portion of the lower mold 32, 
there is disposed an outer mold 38; and, the outer mold 38 and 
lower mold 32 cooperate together in forming a recess-shaped large 

30 diameter end portion molding space. 
[0064] 

And, in this state, if the upper mold-31 and middle mold . 
35 are moved down integrally, then not only the shapes of the 
small diameter end portion moldincr surface 33, traction surf ac 



molding surface 34 and large diameter end portion molding surface 
35 are respectively transferred to the blank material W3, but 
also the middle mold 35 invades into the recessed portion 5a 
of the blank material W3 to thereby mold a recessed portion 5b, 
5 that is, a portion of the inside diameter 5 with a residual wall 
39 left between the lower end side recessed portion and the recessed 
portion 5b. Thanks to this, as shown in the right half section 
of Fig. 4/ the blank material W3 is molded into a blank material 
W4 having a shape' approximate to the final shape of the disk 

10 1. By the way, in the third step, at the time when the molding 
is completed, there is formed a clearance C between the upper 
mold 31 and outer mold 38 to thereby allow a bur S to be produced 
on the outside diameter surface of the large diameter end portion . 
3* That is, the production of the bur S can avoid a tightly 

15 closed forging operation to thereby prevent an unnecessary molding 
load from increasing, which makes it possible to improve the* 
lives of the molds used. 
[0065] 

In the mold forged product W4 obtained in the above manner, 
20 • in. a post-step, from a state shown by a two-dot chained line 
in Fig- 5, the burr S is- trimmed and removed by a press and the 
residual wall 39 of the inside diameter surface 5 is removed 
by a press; and, after then, the whole surface of the mold forged 
product W4 is ground so that it is molded into the disk 1 having 
25 the final shape shown by a solid line in Fig. 5. And, after 
the disk 1 is molded in this manner, the disk 1 is carburized 
or carbonitrided, that is, the disk 1 is heat treated and further 
the heat treated disk 1 is ground in such a manner as to have 
a required precision, before the disk 1 is incorporated into 
30 a troidal type continuously variable transmission. 
[0066] 

In the present disk manufacturing method, since the mold 
forging operation is carried out in three steps using three kinds . 
of molds, the contact time between the molds and blank material . 



is shortened to thereby be able to reduce the heat influence 
on the molds in the molding operation. As a result of this, 
the mold surface hardness can be maintained in a good level, 
which in turn makes it possible to improve the lives of the molds. 
5 [0067] 

Also, because the swaging amount of the cylindrical-shaped 
blank material Wl is set larger than the ordinary swaging amount 
in the first step, not only in the second step but also in the 
third step which requires a high molding load in order to obtain 

10 a state close to the shape of the product, the molding amount- 
can be reduced, with the result that the working burdens of not 
only the forging molds 21 and 22 in the second step but also 
the forging molds 31 and 32 in the third step, can be reduced, 
thereby being able to extend the lives of these forging molds, 

15 [0068] 

Further, since the swaging amount of the 
cylindrical-shaped blank material Wl is set larger' than the 
ordinary swaging amount in the first step, the push-in degree 
of the middle mold 25 in the second step as well as the push- in 
20 degree- of the middle mold 35 in the third step can be reduced, 
which makes it possible to enhance greatly the tool lives of 
the middle molds 25 and 35 which can be most susceptible to the 
heat influence of the material. 
[0069] 

25 Still further, due to the fact that the blank material 

is positioned at the molding centers of the molds accurately 
and positively in the respective steps including the first to 
three steps, the blank material can be always molded at a correct 
position to thereby obtain a mold forged product of high precision. 

30 [0070] 

Yet further, since the mold forging operation is carried 
out in three steps using three kinds of molds, the material flow 
in the forging operation can be set freely. As a result of this, 
if the shape that corresponds with the final shaoe of the disk 



is set in the pre-steps (first and second steps)/ then a 
well-balanced mold forged product can be obtained. 
[0071] 

In addition, because the disk 1 is obtained by grinding 
5 the mold forged product W4, even if the forged product before 
it is ground is a rough forged product (for example, a hot- forged 
product and the like) , the present disk manufacturing method 
is surely able to deal with such forged product. Also, since 
it is little necessary to pay attention to the abrasion of the 
10 molds (that is, since the molds can be used even if they are 
abraded to some degree) , the costs of the molds can be reduced 
in the long run. 

[0072] < 

Next, description will be given below of a troidal type 

15 continuously variable transmission disk which is a second 
embodiment according to the invention. 

As shown in Fig ♦ 6, the present disk (finished product) 
51 includes a small diameter end portion 2, a large diameter 
end portion 3, and a traction surface 4 which is interposed between 

20 the small diameter end portion 2 and large diameter end portion 
3 and has a concavo-arc shaped cross section; and, in the central 
portion of the end face of the disk on the small diameter end 
portion 2 side thereof, there is formed a through hole which 
extend through the disk 51 up to the back surface of the large 

25 diameter end portion 3, while the inner peripheral surface of 
the through hole is used as an inside diameter surface 5 of the 
disk. Here, with reference to Figs. 6 and 14, among the metal 
flows 6 that exist in the disk 51, a metal flow 6, which has 
such a positional r lationship with respect to the surface of 

30 the disk 51 that the m tal flow 6 on the traction surface 4 side 

has an angle 0 of 2 - 30°, preferably, 5-20 with r spect to 
a tangent P of the traction surface 4, is defined as a "metal 
flow 6 along the disk surface" • In the disk. 51, "metal flow 
6s alona the disk surface" each havina the ancrle 0 = 2- 30° 



exist continuously in the end face of the disk 51 on the small 
diameter end portion 2 side thereof, in the traction surface 
4, in the outside diameter surface of the large diameter end 
portion 3, and in the back surface of the large diameter. end 
5 portion 3; and, a "metal flow 6 along the disk surface" having 
the angle 8 = 2- 30° exists in the area of the inside diameter 
surface 5 ranging from the end face of the inside diameter surface 
5 on the small diameter end portion 2 side thereof to the range 
of 1/3A, where the length of the disk 51 in the axial direction 
10 thereof is expressed as A. 
[0073] 

By the way, a metal flow 6 having the angle 8 of greater 
than 30° with respect to the tangent P of the traction surface 

4 becomes* equivalent to an end flow (a metal- flow which does 
15 not exist along the disk surface), so that such metal flow not 

only causes the material to peel off but also gives rise to the 
bending fatigue of the disk and thus the rupture of the disk 
(the lowered crack life) . 
[0074] 

4 20 Also, in the present disk 51, with reference to Figs. 

10 and 15, when the power roller is set horizontal (that is, 
parallel to the axis of the disk) , that is, where the minor radius 
of the contact ellipse between the traction surface and power 
roller is expressed as b when a speed change ratio is 1:1, a 

25 nonmetal interposition 52 of high density exists in an area which 
is distant by 1.5b or longer in the depth direction from the 
traction surface* 

Further, no interposition is present in an area which exits within 
the range of 1/3A (A is the length of the disk 51 in the axial 
30 direction thereof) from the end face of the inside diameter surface 

5 on the small diameter end portion 2 side thereof - 
[0075] 

In the thus structured disk 51, since th£ "metal flow 
6s aloncr the disk surface" each havincr the ancle 9 » 2 - 30° 



exist continuously in the traction surface 4 with which the power 
roller canbe fictionally engaged with a large pressure, especially 
when the disk 51 is used under a high load condition/ not only 
the material in the engaged portion of the traction surface 4 
5 where it is fictionally engaged with the power roller can be 
prevented from peeling off, but also an impact crack or a fatigue 
crack is hard to occur in the disk 51 so that the long life of 
the disk 51 can be realized. 
[0076] 

10 Also, because the "metal flow 6 along the disk surface" 

having the angle 0 = 2 - 30° exists in the area of the inside 
diameter surface 5 ranging from the end face of the inside diameter 
surface .5 on the small diameter end portion 2. side thereof to 
the range of 1/3A, within the portion of the inside diameter 

15 surface 5 that is relatively weak against the bending stress 
and the like due to the formation of the peripheral groove for 
the stop ring, the metal flow can be prevented from providing 
an end flow; and, at the same time, since the "metal flow 6 along 
the disk surface" having the angle 0 = 2- 30° exists in the 

20 end face of the disk 51 on the small diameter end portion 2 side 
thereof as well, the bending fatigue as well as the concentration 
of the stress on. the peripheral groove can be relieved, which 
makes it possible to extend the life of the disk 51 further. 
[0077] 

25 Further, the nonmetal interposition 52 of high density 

is not present not only in the area of the traction surface 4 
that extends within the range of 1.5b in the depth direction 
from the traction surface and receives the severest shearing 
stress in the traction surface, but also in the, portion of the 

30 inside diameter surface 5 that extends axially within the range 
of 1/3A from the small diameter end portion side end face of 
the inside diameter surface that can be affected severely by 
the bending stress or the like due to the formation of the peripheral 
groove for the stop ring and the like. This can avoid the ili 



effects of the nonmetal interposition on the life of the disk 
51, 

[0078] 

Next, description will be given below of a method for 
5 manufacturing the disk 51 with reference to Figs, 7 to 9, 

(First step: Swaging step) 
Now, Fig- 7 shows a first step (a swaging step) employed 
in the present disk manufacturing method; and, in particular, 
the left half section of Fig, 7 shows a state of a blank material 
10 before swaged, whereas the right half section of Fig. 7 shows 
a state thereof after swaged- In the first step/ a cylindrical 
blank material (carburizing steel or the like) Wll with metal 
flows 6 existing on the outer peripheral surface of the blank 
material and extending along the axial direction of the blank 
15 material is interposed between an upper mold 51 and a lower mold 
52; and, next, the upper mold 51 is moved in the axial direction 
of the cylindrical-shaped blank material Wll to swage the present 
cylindrical-shaped blank material Wll,- thereby molding the same 
into a blank material W12 having such a shape as shown in the 
20 right half section of Fig. 7. 
[0079J 

In the plane portion 52a of the lower mold 52, there 
is formed a recessed portion 53 into which the lower end portion 
of the cylindrical-shaped blank material Wll can be fitted; that 
25 is, if the lower end portion of the cylindrical-shaped blank 
material Wll is fitted into the recessed portion 53, then the 
cylindrical-shaped blank material Wll can be aligned with the 
, lower mold 52 accurately and positively, 
[0080] 

30 On the other hand, in the central portion of the upper 

mold 51, there is formed a tapered recessed portion 51a which 
decreases in diameter in the upward direction thereof in; such 
a manner as to be * concentric with the recessed portion 53 of 
the lower mode 52, while the bottom surf ace of the present tapered 



recessed portion Sla is formed as a flat surface 54. And, the 
peripheral edge (a boundary portion between the outer peripheral 
surface and upper end face of the cylindrical-shapedblank material 
Wll) of the upper end face of the cylindrical-shaped blank material 
5 Wll is in contact with the slanting portion 55 of the tapered 
recessed portion Sla. Thanks to this/ when the upper mold 51 
is moved down, the upper mold 51 restricts the upper end portion 
of the cylindrical-shaped blank material Wll to thereby be able 
to not only align the cylindrical-shaped blank material Wll with 
10 the upper mold 51 accurately and positively but also transfer 
the shape of the slanting portion 55. 
. (Second step) 

■ Now, Fig. 8 shows a second step employed in the present 
disk manufacturing method; and, in particular, . the left half 

15 section of Fig. 8 shows a state of the blank material before 
molded, whereas the right half section of Fig. 8 shows a state 
thereof after molded. In the second step, the blank material 
W12 swaged in the first step is interposed between a lower mold 
62 and an upper mold 61 mounted on an outer mold 65 and the upper 

20 mold 61 is moved in the axial direction of the blank material 
W12 to thereby mold the blank material W12 into a blank material 
W13 which has such a shape approximate to the final shape of 
the disk 51 as shown in the right half section of Fig. 8. 
(0081) 

25 The lower mold 62 includes a large diameter end portion 

molding surface 63 for molding the large diameter end portion 
3 of the disk 51 and, in the central portion of the large diameter 
end portion molding surface 63, there is a recessed portion 64 
into which a projecting portion 56 (to which the shape of the 

30 recessed portion 53 of the lower mold 52 was transferred in the 
first step) can be fitted. That is, if the projecting portion 
56 of the blank material W12 is fitted into the recessed portion 
64 of the lower mold 62, then the blank material W12 is prevented 
from playing with respect to the lower mold 62 so that the alignment 



of the blank material W12 with the lower mold 62 can be achieved 

accurately and positively. 

[0082] 

The outer mold 65 includes a small diameter end portion 
5 molding surface 66 for molding the small diameter end portion 
2 of the disk 51 and a traction surface molding surface 67 for 
molding the traction surface 4; and, in the central portion of 
the small diameter end portion molding surface 66, there is 
projectingly provided the upper mold 61 having a cylindrical 
10 shape. 
10083] 

In the lower end face of the upper mold 61, there is 
formed a shallow tapered recessed portion 68 which reduces 
gradually in diameter as it goes upwardly. The bottom. surf ace 

15 of the tapered recessed portion 68 is formed as a flat surface 
69 and the diameter of the flat surface 69 is set larger than 
the area diameter of a nonmetal interposition 52 of high density 
which exists in the central portion of the upper end face of 
the blank material W12 swaged in the first step. Also, since 

20 the outer peripheral surface of the upper end portion of the 
blank material W12 is in contact with the slanting portion 70 
of the tapered recessed portion 68/ the alignment of the blank 
material W12 with the upper mold 61 can be achieved accurately 
and positively . Therefore, the inside diameter D2 of the slanting 

25 portion 70 of the tapered recessed portion 68, in particular, 
the inside diameter D2 of the contact position of the slanting 
portion 70 with the blank material W12 is larger than the diameter 
Dl of the upper end face of the blank material W12, 
[0084] 

30 And, in this state, if the outer mold 65 and upper mold 

61 are moved down integrally, then not only the shapes of the 
small diameter end portion molding surface 66,, traction surface 
molding surface 67 and large diameter end portion molding surface 
63 are r spectively transferred to the blank material W12, but 



also the upper mold 61 invades into the central portion of the 
blank material W12 to thereby mold a recessed portion 5d, that 
is, a portion of the inside diameter 5 with a residual wall 71 
left between the recessed portion 64 and the present recessed 
5 portion 5d. Thanks to this, as shown in the right half section 
of Fig. 8, the blank material W12 is molded into a blank material 
W13 having a shape approximate to the final shape of the disk 
51. By the way, in the second step, at the time when the molding 
is completed, there is formed a clearance C between the lower 

10 mold 62 and outer mold 65 to thereby allow a bur S to be. produced 
on the outside diameter surface of the large diameter end portion 
3- That is, the production of the bur S can avoid a tightly 
■ closed forging operation to thereby prevent an unnecessary molding 
load from increasing, which makes it possible* to improve the 

15 lives of the molds used. 
[0085] 

Also, when the upper mold 61 invades into the central 
portion of the blank material W12, not only the tapered recessed 
portion 68 of the upper mold 61 restricts the upper end portion 

20 of the blank material W12 to thereby prevent the present upper 
end portion from increasing in diameter- during molding, but also 
the nonmetal interposition 52 of high density existing in the 
central portion of the blank material W12 is pushed into the 
lower end side of the blank material W12 to thereby expand the 

25 present lower end side outwardly in the diameter direction of 
the blank material W12. 
[0086] 

In the mold forged product W13 obtained in the above 
manner, in a post-step, from a state shown by a two-dot chained 
30 line in Fig. 9, the burr S is trimmed and removed by a press 
and the residual wall 71 of the inside diameter surface 5 is 
removed by a press; and, after then, the whole surface of the 
mold forged product W13 is ground so that it is molded into the 
disk 51 having the final shape shown by A solid line in Fig. 



9* And, after the disk 51 is molded in this manner, the disk 
51 is carburized or carbonitrided, that is, the disk 51 is heat 
treated and further the heat treated disk 51 is ground in such 
a manner as to have a required precision, before the disk 51 
5 is incorporated into a troidal type continuously variable 
transmission. 
[0087] 

As can be seen clearly from the above description/ in 
the present disk manufacturing method, it is possible to obtain 

10 the disk 51 (finished product) simply and positively in which 
"metal flow 6s along the disk surface" each having the angle 
8-2-30° exist in the end face of the disk 51 on the small 
diameter end portion 2 side thereof, in the traction surface 
4, in the outside diameter surface of .the large diameter end 

15 portion 3, and in the back surface of the large, diameter end • 
portion 3. 
[0088] 

Also, not only since use of the mold forging method can 
reduce the diameter of the cylindrical- shaped blank, material 

20 Wll in the first step, but also since/ in the second step, the 
tapered recessed portion 68 of the upper mold 61 restricts the 
upper end portion of the blank material W12 to thereby prevent 
the present upper end portion from increasing in diameter during 
molding and also the nonmetal interposition 52 of high density 

25 existing in the central portion of the blank material W12 is 
pushed into the lower end side of the blank material W12 to thereby 
expand the present lower end side outwardly in the diameter 
direction of the blank material W12, there can be obtained the 
disk 51 simply and positively in which the nonmetal interposition 

30 52 of high density is not present not only in the area of the 
traction surface 4 that extends within the range of l#5b in the 
depth direction from the traction surface and receives the severest 
shearing stress in the traction surface, but also in the portion 
of the inside diameter surface 5 that x tends*' axial ly within 



the range of 1/3A from the small diameter end portion side end 
face of the inside diameter surface that can be affected severely 
by the bending stress or the like due to the formation of the 
peripheral groove for the stop ring and the like. 
5 [0089] 

[Embodiments] 

Now, Table 1 shows the results of a disk durability test 
in which, when it is assumed that a load is 5t and a load position 
is the groove bottom of the traction surface, the respective 

10 disks are tested in the durability thereof by changing the angle 
a (see Fig. 14) .• Here, the angle a is an angle formed between 
the traction surface 4 and a horizontal line passing through 
. the center of curvature 0 (that is, a line extending in parallel 
to the. axis of :a disk). 

15 [0090] • 

In' Table 1, disksNo. ltoNo. 6 are respectively embodiments 
according to the invention. In particular, in each of the disks 
No. 1 to No. 4, the "metal flow 6 along the disk surface" having 
the angle 6 « 2 - 30 6 exists in the traction surface thereof. 

20 Also, among these disks, in the No. 1 and No. 2 disks , the angle 
is set such that a < 45° and, in the No. 3 and No. 4 disks, the 
angle is set such that a k 45°. And, as the No. 5 and No. 6 disks, 
there were used disks in which the "metal flows 6 along the disk 
surface" having the angle 6=2- 30° exist continuously in the 

25 traction surface thereof. On the other hand, as the No. 7 and 
No. 8 disks, there were used conventional disks which were 
manufactured by cutting. Except for the above-mentioned 
conditions, the same test conditions (such as size, material, 
load condition and the like) were set for all the disks in the 

30 present disk durability test. 
[0091] 

By the way, the angle was adjusted to 6 ■ 2 - 30 by previously 
checking a metal flow after forged and by adjusting the margin. 
In particular, a metal flow havincr the ancrle fi smaller than 



or equal to the angle a" is assumed as a metal flow along the 
disk surf ace which satisfies the 0 range according to the invention; 
and, a metal flow having the angle 6 larger than the angle a° 
is assumed as a metal flow which has an angle out of the 0 range 
5 according to the invention. That is, the disks were observed 
for breakage under the above conditions. The forged disks were 
manufactured by using the above-mentioned two manufacturing 
methods properly. 
[0092] 

10 

Table 1 



No. 




a. [deg.] 


Test Result 


Judgment 


1 


Embodiment 


27 


Broken in 123 .hrs. 


A 


2 


Embodiment 


37 


Broken in 194 hrs. 


A 


3 


Embodiment 


48 


Vibrated in 289 hrs. 
Crack, in traction surface 


O 


4 


Embodiment 


50 


Vibrated. in. 272 hrs. 
Crack in traction, surface 


O 


5 


Embodiment 




Nothing wrong in 350 hrs . 


© 


6 


Embodiment 




Nothing wrong in 350 hrs . 


© 


7 


Conventional 
Example 




Broken in 97 hrs . 


X 


8 • 


Conventional 
Example 




Broken in 63 hrs. 


X 



Load: approx. 5 ton 



Load position: Groove bottom 

15 

[0093] 

As can be seen clearly from Table 1, the disks (No. 1 
to No. 6) according to the invention are greatly enhanced in 
the durability of the traction surface thereof when compared 
20 with the conventional disks (No. 7 and No. 8). 
[0094] 

Also, among the disks according to the invention, the 
disks having a t 45° (No. 3 and No. 4) are enhanced in durability 
when compared with the disks having cc < 45°; and, . in the disks 



(No. 5 and No. 6) in which the "metal flows 6 along the disk 
surface" having the angle 6 = 2 - 30° exist continuously in the 
traction surface thereof, even after 350 hours have passed, there 
was found nothing wrong on the traction surface thereof, that 
is, it can well be said that they have the greatest durability. 
[0095] 

By the way, although the present durability test was 
finished in 350 hrs., in the disks having 0*5=0° and 0 = 2°, 
it is believed that nothing wrong can be found even after the 
passage of 350 hrs. and thus it can be expected that these disks 
are almost equivalent to the disks No. 5 and No. 6 in performance. 

Now, Table 2 shows the results of a second disk durability 
test in which the depth of a disk ranging from the traction surf ace 
thereof, to the area of the high-density nonmetal interposition 
(a 0.3D portion: see Figs. 10 and 12) is caused to vary. By 
the way, in fable 2, b designates the minor radius of the contact 
ellipse between the traction surface and power roller when a 
speed change. ratio is 1:1 (see Pig. 15). , • 

[0096] 

In Table 2, disks No. 1 to No. 8 are all embodiments 
according to the Invention and, for each of the disks,, there 
was used a disk in which the "metal flow 6 along the disk surface" 
having the angle 0 - 2 - 30° exists in the traction surface thereof. 
The present durability test was conducted for all disks under 
the same conditions, except that the depth of a disk ranging 
from the traction surface thereof to the area of the high-density 
nonmetal interposition varies in the respective disks. 



[0097] 

Table 2 



NO. 


Depth of 0 . 3D portion 
from surface 


Test Result 


Judgment 


1 


0 


Traction surface peels 
off in 170 hrs. 


A 


2 


0.25b 


Traction surface peels 
off in 173 hrs. 


A 


3 


0.60b 


Traction surface peels 
off in 212 hrs. 


O 


4 


0.90b 


Traction surface peels 
off in 208 hrs. 


O 


5 


1.25b 


Traction surface peels 
off in 239 hrs. 


O 


6 


1.6b 


Nothing wrong in 250 hrs. 


• ® 


7 


2.55b 


Nothing wrong in 250 hrs . 


© 


8 


4.5b 


Nothing wrong in 250 hrs . 





b: Small radius of contact ellipse between traction surface and 



5 power roller when speed change ratio is 1:1 
[0098]' 

As can be clearly understood from Table 2, as the depth 
of the 0. 3D portion from the traction surf ace to the high-density 
nonmetal interposition area increases , the durability of the 

10 traction surface is enhanced and, especially, the depth is larger 
than or equal to 1,5 b, nothing wrong is found even after 250 
hrs. have passed, which shows that the traction surface having 
the depth larger than or equal to 1.5 b is most excellent in 
durability. 

15 [0099] 

Now, Table 3 shows the results of a third durability 
test conducted on disks which are dif f erent • f rom each other in 
the existing area of the high-density nonmetal interposition 
* of the disk inside diameter surface, in particular, on the 
20 durability of the inside diameter surfaces of the disks on their 
respective small diameter end portion sides. Here, A expresses 
the axial length of the disk (that is, the length of the disk 
in the axial direction thereof) , and B expresses the £xial length 



1 



of the inside diameter surface from the end face of the inside 
diameter surface on the small diameter end portion side thereof. 
[0100] 

In Table 3, No. 3 to No. 8 test pieces are disks which 
5 were manufactured according to the embodiments of the invention. 
In the present durability test, as the embodiments of the invention/ 
there were used disks in each of which the "metal flow 6 along 
the disk surface" having the angle 0 = 2- 30° exists in the 
inside diameter surface thereof in the range from the small diameter 

10 end portion side end face of the inside diameter surface to the 
axial depth of (B/A) x 100% where the axial length of the disk 
is expressed as A, Also, as No. 1 and No. 2 disks, there were 
used conventional disks which were manufactured by cutting. 
That is, in the present durability test, all disks were tested 

15 under the same conditions, except that the disks differ from 
each other in the existing area of the high-density nonmetal 
interposition of the disk inside diameter surface. By the way, 
in the disks No. 3 to No. 8, the relationship between. the nonmetal 
interpositions and their respective existing area (B/A) x 100% 

20 were adjusted by adjusting the margins of the respective disks 
when they were manufactured. In this case as well, as the -test 
disks, there were properly used forged disks which were 
manufactured according to the above-mentioned two manufacturing 
methods . 



[0101] 

Table 3 



NO. 




Working 
Method 


(B/A) X100 


Test Result 


Judgment 


i 


conventional 
Example 


Cutting 




Inside diameter portion on 
small diameter side was broken 
in 68 hrs. 


X 


"2 


Conventional 
Example 


Cutting 




Inside diameter portion on 
small diameter side was broken 
in 59 hrs. 


X 


3 


Embodiment 


Forging 


15 


Inside diameter portion on 
small diameter side was broken 
in 171 hrs* 


A 


4 


Embodiment 


Forging 


22 


Inside diameter portion on 
small diameter side was broken 
in 211 hrs. 


O 


5 


Embodiment 


Forging 


34 


No problem atter passage on 
250 hrs* 


® 


6 


Embodiment 


Forging 


4i 


No problem .after passage on 
250 hrs. 




? 


Conventional 
Example 


Forging 


53 


No problem after, passage of. 
250 hrs. 


© 


'6 ■■" 


Conventional 
Example 


Forging 


51 


No problem. after passage of 
250 hrs* 





5 [0102] 

As can be seen obviously from Table 3, the disks 
•(No. 3 to No. 8) according to the invention are greatly improved 
in the durability of the inside diameter surface on the small 
• diameter end portion side thereof when compared with the 
10 conventional disks (No. 1 and No. 2) . 
[0103] 

Also, out of the disks according to the invention, in 
the disks in which the high-density nonmetal interposition exists 
in the inside diameter surface over the ( (B/A) x 100%) area of 
15 more than 33%, nothing wrong was found in the small diameter 
end portion side inside diameter surface thereof even after the 
passage of 250 hrs./ which shows s that these disks are most 
excellent in durability. 
[0104] 

20 [Effects of the Invention] 

As canbe clearly understood from the foregoing description, 
accordina to the invention, there can be provided a troidal tvoe 



continuously variable transmission disk which not only permits 
the reduction of the production cost thereof but also can extend 
the life thereof. 

5 [BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

Fig. 1 is an is an explanatory view of a troidal type 
continuously variable transmission disk which is a first embodiment 
according to the invention; 
10 [Fig. 2] 

Fig. 2 is an explanatory view of a first step employed 
in a disk manufacturing method, in particular, the left half 
. section of Fig. 2 shows a state of a disk blank material before 
molded/ while the right half section thereof shows a state of 
15 a disk blank material after molded; 
[Fig. 3] ; 

Fig. 3 is an explanatory view of a second step employed 
in the disk manufacturing method, in particular, the left half 
section of Fig. 3 shows a state of a disk blank material before 
20 molded, while the right half section thereof shows a state of 
. a disk blank material after molded; 
[Fig. 4] 

Fig. 4 is an explanatory view of a third step employed 
in the disk manufacturing method, in particular, the left half 
25 section of Fig, 4 shows a state of a disk blank material before 
molded, while the right half section thereof shows a state of 
a disk blank material after molded; 
[Fig. 5] 

Fig, 5 is an explanatory view of an example of a final 
30 step employed in the disk manufacturing method; 
[Fig. 6] 

Fig. 6 is an explanatory vi w of a troidal type continuously 
variable transmission di$k which is a second embodiment according 
to the invention; 



[Fig. 7] 

Fig. 7 is an explanatory view of a first step employed 
in a disk manufacturing method, in particular, the left half 
section of Fig; 7 shows a state of a disk blank material before 
5 molded, while the right half section thereof shows a state of 
a disk blank material after molded; 
[Fig. 8] 

Fig. 8 is an explanatory view of a second step employed 
in the disk manufacturing method, in particular, the left half 
10 section of Fig. 8 shows a state of a disk blank material before 
molded, while the right half section thereof shows a state of 
a disk blank material after molded; 
-[Fig. 9] 

Fig. 9 is an explanatory view of an example of a final 
15 step employed in the disk manufacturing method; 
[Fig. 10] 

Fig. 10 is an an explanatory view of the existing portion 
of the high-density nonmetal interposition in a disk; 
[Fig. 11] 

20 • Fig. 11. is .a graphical representation- to explain- the 

relationship between the depth from the surface of a traction 
surface and the distribution of shearing stress; 
• [Fig. 12] 

Fig. 12 is an an explanatory view of the existing portion 
25 of the high-density nonmetal interposition in a cylindrical-shaped 
blank material before molded; 
[Fig, 13] 

Fig. 13 is a graphical representation to explain the 
relationship between the diameter of the cylindrical-shaped blank 
30 material before molded and the number of interpositions; 
[Fig. 14] 

Fig. 14 is a view to explain the meanings of . a and 0 ; 
[Fig. 15] 

Fin. 1 Fi is a sprtion view t-o exulain a troidal tvne 



continuously variable transmission; 
[Fig. 16] 

Fig, 16 is an explanatory view of a conventional disk; 
[Fig. 17] 

5 Fig, 17 is an explanatory view of a portion of a .disk 

which receives large repeated bending stress and repeated shearing 
stress; 
[Fig. 18] 

Fig- 18 is an explanatory view of a conventional disk 
10 manufacturing disk; and, 
[Fig, 193 

Fig, 18 is an explanatory view of another conventional 

disk manufacturing disk. 

[Description of Reference Characters] 
15 . 1, 51: Disk 

2: Small diameter end portion 

3; Large diameter end portion 

4: Traction surface 

6: Metal flow 
20 c: Power roller 

P : Tangent 

0 ; Angle formed between tangent of traction surface and metal 
flow 



Fig. 11 

Shearing stress (distribution) 

Surface (contact surface) Depth 

Fig- 13 

5 Number of interpositions (interpositions of 10(Li m or larger/300 
mm 2 • . • 
Diameter 
Fig, 14 

Horizontal line Metal flow Traction surface 

10 Fig. 16 

High-density nonmetal interposition 
Fig. 17 
Stop ring 
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14, fffitf H 1 2 fcjj^J: d 5rA*avaJAf -f x? 
a, bO«*i:Rt.*§tf>Ha**r (»1KM«) ffl 
0 JH l/HJJ 0 tti Uc J: oTH 1 6 tcjjrf X o ^ftK^K 

[0007] 

l»BH**]!BfcUJ:5fc-f*iHI] U»L«r*<4., 
A^U'ai^l-r^^a, b«ttt*a(c*JV^Tf4> » 

[0008] ttz, mmnfiiti) kim 

i t^3^^-^<'S:C>, :m f5^y 3 yi 
f . i c om^-&a5^^«f-fOiiJM* { 

BWOiejSfcSr-oT. A^atXtiJ^T-fX^a, bfc« 

<x9z, bnMmftititttf&mmzzc&t^^ 

[0009] 4*6IB{4*»*»&^i^*j»ffl1-iJt»fc* 

m.cor ix 9 £ jfft-r* c t * awt-t* . 

[0 0 1 0 ] $r*5, Rtt«*f^+^aV«f>^2«^affi- 
(01 2 atrial 6CJ3V^0. 3D»#: DttPJft* 

XZmiZMmzft&V%^o~t&tttfM$i\Z. 

[ooin tmmftimtzo^xwttib* *mo 

jHb*lX.f&n** ***** <^#^S(3'-r; fc* { ?1]^> 
fiTfcO, Wi<3f r«/h^fc^5E«iolWj (tt± 
#, 1 99 3^, SgS^ff) icfi. HOiELlftff jWw 
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(3 

3 

K (Hvtl 2 0) 

a, — 

((area) 1 -" ) 

K : 1 . 4 3 (XmmmiZftfrfh$r&) 

1.4 1 (^afcS**iBfc«M-SJ:oK#ttS«^) 

i. 5 6 mmwmztf&t 

H v : ( WBSW<7>v h y •/ ?x<7)$££ 

(area)i/2 : W§*&a£ft*^:ttfr|6]fcfi»LfcS 10 

[0012] %~>x* bo-* rA^asassittkoj: a«r 

[00133 Hfttc, *9ME**fiWf*-*«l^±4«B 

Oj^tt^Wrt^fcffai-a^tfcfcLTtt, J I 20 
Sjfe(JIS-G-0555) ^ASTMS ( ASTM 
-E4 5) frifsWOfciVCV**. 
H«t6«5Etmfc*JV^. WU.fcflffll 3 l 1 3-2 9 44 
3 5^&»tBJ*S*iTV^ J: a fc^tf-AHMRS* 

ft^HMij <#±*. 1 99 33k MISHftff) fcHS^ 

$ at v > * sraiH* ( so h tz 9 <o«*ieib 

JCT*frfc3£fcfcJ:9, ^£*4IH*sroJftJBft 30 

[00 14] &Hf^£0«TO££fflv vc , m 

t am# *) i«w$r ax\t . wmm t-H»r mx 

BBE4. OGPa^Jg, ffl(fj£*90kgf/mm2 g 
[00 15] 

•t^ii-cPittiss^it/tA^xtJfai^T -f t . a* so 
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•• (1) 

^B-C'^tuS b 5 7 x 3 y fflfltt ? ^7 n - k U h v 

? is a yffi^gn k ntctfi&e nimrn* 3 0 - a 

? ^mtj&o * a-&^5r < k t sine h 7 7 x 
[0016] ci-c. h7^x3yffic7)^nk<7)^-r^ 

[0017] $tz. evTymizmtoKK&^o- tm. 

H5, H90ftBft (ZZjMRK) kSol^T 

^cr>h7^^3yE4, rt@ffi2k3£*)S^^;W7D- 
6 ^AJ£ti«Stt(=*f LJfiHW* . ^itmo 1 #0* ^ 
;I^7D-6t*@-rfl«\ ±«5»Hfc»L*ii-e i !h.oa 

^i»rH«»t:iwit»0rt«<o*i*(i, mfc&m-c 

h\><nx'hh. 

[0018] t^oTx iSJt^cO^ ^yl^7 o- 6 (im^K 

kiig^^T-i^v^. mvtx-%hti\vy+£< Ltz 

[0019] *Bftfl-Ctt, ttfSk^tax htfoiaf^r^ 

3 0* . #4U<tt5~20* k Lfc. TRWiifcL-C 
tt(Bi:*eOoi*l±«OPii*3&>fe. ±fig(i±kLT±j£L 

[0020] Wcif^wmn^f 4A7$mtzmx 9 

}V-7u-<?)imx:foh. 

±^L?tb7^>-3 yffiidraiT, -f ^.^oifc^ipio 

^$5: Ak L7t^t/NIffiM*^ffc6-(6]l3^< k fc 
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5 

[002 1] d«Oj:atCs r r x^*B5*ca}3^<^/U 

7 n- j i'Hmmt^mnz^ < 1 1 1 / 3 aw 
if (CUB 1 7 tc^f i a iz±mmmtf*>~>tz o tx 

«f f5*jt|W)« L V \»#T* S fc» , 1 / 3 A £ iS i. & 

& Tit*m%,wn e eh t-r & <r t # f < x ? r>9<ms 

(o) rf-'^x^^ffifc«d^^7n-j 10 

#r -f x 7 O/hSffff |0Ot|S{= fcffltti J: o lzi-1 

ftt-£UK«#>'4 5* ja±s #4L<li48* liLLoiSB 

a yams-fa cc*{H xftteth x 3 {ci-|><7)*W* 

U\ 20 
[0022] Z(D£olZt&k. VJ9 : s*>m<7)l*> 
T*t>KLVWje^*tStt4ft« (01 7<0«*H* 
;vyf-y^gp##!i) £ r-5***?ftiif{S&$.x*/i/7 

D-j wc-^it^afc^ro-c, mmxmz 

01 0MI1 5i#JHUT. ^ 

y 9 is a 1.5b £Udi*i*:fc*fc 

[0023] h^^ayffl^VCftkffiUvtXJr 

5b*<i^its-cj)0, zffimmzftmi&fr&LW 

fltf. fU?^«WV^^T*4 (01 1 
(*> ±S£tfcJ:5»c. /Nl«M^ffiSi*^«i 40 

1/3 AClT<oSS*t-3V^T WI*ftiW)PBEb$:V>jS 3 

[00 24] fci^-C, 01 8&y01 9tt«W!9- 1 
2 6 2 8 9^&mzffl^ZtlX\^ hn-f ?>S!&S8£ 

<i#3PJiW£6 f -r X? fcfc v vf (9 = 0 * O;* ?/l/7 a 

- fcflttfcr < X 9 oM&XWMmthZ. k 

fohiiK 0 = 0' WW)*? )i>yu-*mi.tz : f < x? 50 



ifflf 11-190408 

6 

OlStWijiJELftWtiL 8*OlSJH*3rLTH&. 
[0025] i-f, 01 8^-m*<50T-fX^<7)SS 

(018 (b)#S0 . ±ffio(ir^^qi coMm 

by? -> 3 yw&j&m u t t w 

[0026] &Wt\ 018 ( c ) tScfJ; 3 ±ffi 

SfflxSBIOajU ifLtiO. 018 (d) t^-fj: 

[0027] LfrLtrtfiL 3&>*>S«e*<?»KE(=*>V^T 
14. -SSW±TSo, pT'fl&*ttn£T-fX?qi 

k n t WfgM^ra^ < ft o T±TS o , P jWwi 
ll#Oi!^§SriSO Ji 5 ^ t< ; 5^ , ?, ClOfe*, ±TSo, P 
0«BB«JS * f <RT L T WmWM < ft & t v ^ 

[ 0 0 2 8 ] 4fc. fig^OS^g|iirt'J:TS o, P (7)S 

So, P^»t^^AUA<^L^<ftt). L*o 

at ifti i t ttotiTio , P 

[ 0 0 2 9 ] 5St. Hftja^XS-eBfflMfcitfttf d 
L^5:/hS<}¥$^S£^S) , 9s CIO 
f . ITIo, pm#&m<l£H:^tt«&#t> 
[0030] mz. Rft^ffn £±TSo , Prtf^ 

p < ft o s ; raB*, j < 

ftl.fcv^^-^^1., 

[0031] -ti-Cs *»a»*?W£fciw»*4fc*>te* 
it. mz. *JttBteJniT±»Lfc (^ ) atf (^) co 

[0032] wh. z<r>T < (vmmt. ftwmiz* 
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n&ewiti&r&Mxmt.. m&2xmz±->xn 
®. mmxzMixmBttcoT<z?tzfmi. z 10 

[00 33 3 rVX^^iSt^vcti . SIS3B 
$3IB(cWC=«»aS!TfT->"0>**>T\ St* 

[0034] at, »iist4Jv^tn?wifft<?)Si.a 

3 IS W)tfJB*£« < -t & £ t tf-CS . £ <0IS» . SH 

2igft^*3njg-c^«8ia^iiiiififfl*ii»t* ^ 

[0035] 5gt, *in^lctJV^R?KRtf«JBi3a 

mza\^xmm<ow.2xnx'&m^fit^mfn-3 
[00363 sm&i 3xntzMfx=mn<m 

S (»lftV*2IS) "CR£'*S£fcfcJ: 1 3, A?y 
[0037] ffljffiiACflJiWlllI&itLTT -f X 

fcft (fi<0BER*»3ltCT«»«!fflT&ftfe«>) Hastes 40 
[ 0 0 3 8 3 JEfcs »3ZST{4J©K*7"*K*S»I» 

Sfcll!»LT3\fc5WrJ®ft5f SO*&ilfci¥3 £4 z k ifi 

[ 0 0 3 9 3 ® l!g£fc(tS$;t£^t^3Pt 
<9**Sfo0iS$ H 1 *«3lStt5{««atiB^««W) 
»ftOft£H 2 £7)80-1 2 0%*CiS5&t4fc. 

i/»3 igfc*itt4ffiffii«o»(&i6i±* sftRWfcj&e-r 
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[0040] a*. ±aLfc«iie*»^»3iSKij 

iJW>¥a& S»« - k (c J: "5 . *Xg-C3R*t^S»jjE» 

*Bi6«sfciE u ^mx-m2tLxm&<v&^$m&& 
[ o o 4 1 3 at . h 1 9 (c^-r^^r -< x*?<vmk 

*WWh. £<0W£tt. fa^q: cTJrtgfflxO- 
019 (b) fcSVfJj^te, P3a3R*Tnc?5±aBMaR'3 

tSE»a^-cwsaMaB-f * 019 ( c > #ss) . ± 

flsi: BrfflPffiEHfro hy^^symtt: j*#t 4 h 
^yg^WBu k/M£«S»ffls^+'63iH;:t& 

i£ai k£WU TSztt*gJBSv£j»B-*4:fcS8 

[0042] ±Sy&lXTMz ^HKfiBfiS-fr 

>-3>-®tSr^t, 5^ai , a 2 fciSflg 
[0043] jJct, 019 ( d ) [Z^prfi. o fc s ±My 
»«fcl!<8Jlrt-&. £^k§, nS«rxti«flEas m 
tfnSJ^y&VTfflz^KOHlL. *<0«. WSffi 

■tc\llz£t). fa; q2 nM»Uli$:%Jft$^. 
[0 0 44 3 **6fl!S«0-? t ^^^tf)«ffit:tJV^TIi. 
HI 9 (b) n(OtT*fflte3tfi"Ovfc.>c* 

;P7D-m(7)*^pia (c ) -crtUKcgiftaiiiTiB 

(0 = 0* ) rsSH^SfuO^*. 

[0045] L^L=5r^^. 019 ( c ) Olgfcfe^ 

TLt3£tA^V\ 6 I = 0° ^^70 
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(6) 
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[00 4 6] ttz. nm^n^t^msm^FtEti 

[ 0 0 4 7 3 *Z X\ J»ffl1-4fcftK* 

it, »ic. *»»KiiiiT±aLfc ('f ) ~ <*> io 

[00483 U<p. COT-fX^OSSfi, ftlOftftlt 
TrtSSi«o-ai5t?SK1-**2iigfc*»i. »2IS 

<mb-t&. 

[00 4 93 *»*>*r-fX^eo|8ffit:fcV^-C«. /MSB 

Mcoffiffi. byfisBym. *&fflnftf$mAtf&i so 

*ga»0#®tc^ivfii<? = 2~3 0- »rfa? 

[00503 tti. mmvbbizibmiTfflztifti 

J: o iztZ b b h tc. 3R»<0+-t#fc»*f 

1/3 A (A{±r 4X?<9ttH) *>«H£jB;l*4-W) 
flWt K**^ AM^ftWA'flRSE t ft v >f 4 x ? * ffi 
*fioWS|(c#4 £ fc *T& £ . 
[ 0 0 5 1 3 ftiS, Ctf^lHTOtfSWSTfcfcTcS 

awoWKB k> < u tenants 2 

S tT ^g&JfcffMa^itfiD Sr W £ i £ £ b tf? £ , 50 



*fffS¥ 11-19 0 4 0 8 
1 0 

[00 521 ±aLfc»inSRtf»2ISfc*J 
SW#Rt Rft* i fc (c I 0 s 4naT*H*q£<ojR» 

£#l>::fc* { -C£l>. 
[0053] 

KWfS fitonfflffl . II 2 fi-r 4 X 7 1 1 

2xe*8t*-rifc«><^KBBia. Eka^-fx^osiafc 

7 itr < x?<rmaw% i jLWtmmhtztbnmn 

IMS, m 9«r -f x ?<?MBi£<oi»lg<o-msig! 
[0 0 54] 4-f\ 01$r#{iLT, ^WM^mi^ 

mBBx$>z>T<z? <^cA) *^iiiBfl-r&t. - 

Or 4 1 li/N^i!2 t*ffiJB»3 k^iatBfiiin 
2 flif5JBffl+'Il*t:l4*gJB» 3 <01¥B i T'mM-f & ft 

It, aiSt/014 2r#!^LT, Hzjfte? 
S^^7D-6«3*>T. b72?^>3 yffi4fflcr)^^ 
/Wo-6tih7^y3yi4 P t uOft-t^JS 
<9*S2-3 0° , »4t<t±5~2 0 0 fcftSi^fttl 
BMII^T -f X^ 1 <7)SE(C*f LTfrtS^ ^70- 
6 2: * : r<iX9&m£&r>*9JV7u-bi btmt 

[0055] Z\<T)t 4 *9 \\,Z$$^X\i.. hy^i^sy 
B4^^6'=2~30♦ 0) rT<Z9$M£miX9A'7 
a-6j* s #ttL, f*If5E5tc^ = 2-3 0' O r rV 

^>*S £ A fc U:%&£/N£)ltt 2 a^Siiid^M^ii 

(ci/3AWffiH^S->T»ttU, 7^ISSiai3c7)Wlif 
St>'l&Mi«^3cOWffl^-a5fc^ = 2-3 0' CO rf 

[0056] ttz. h7?yayl4dl <9 = 2-3 
0° (D *t iXtmmzi&^Xtl^n-b j HI 
4£#JHL"C, b5?^Hyi4«5|IWWOtli* 

( x ? vim b ¥mm. ) b^tn&at<4 
5' comx-mmz&^xttix^h. fttj. h7 

?X3yffl4«0SISPfccr)ft1-ftjee'*S3 0' Sri^xS 
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1 1 

ithtthiz, mmmi,z£hT<x7<7>w& wax 

[00 57] frfrhm$J?>T < x? ilzi5^X\t. 

- p- y ^stsx'^m^-t hyyv^BvmA 

\Zd = 2~~3Q° <h^<X7%mz*&o*?)V7U- 

iJttSOT^MMSrffiihtl. i t & t fc i fc , r 
4*71 fclr^Jft^«3tf3'Jft;& i %!ti LH < X r * 
X 9 1 O^Wfc*BI4 £ t tfX*% h . 
[00 58] ttz, tV*7 I<9l*tfgffi5t0 = 2~3 
0 s *> trixf^mizfeotinvyv-e j £VNa«l 
2 ilco«*^t6*|S] 1 1/3 AofSBKiS-? 

ri-tf&^&olz-f&ZttfTZ. f<x 

[00 59J56C. YytisBVmAW^ 6=2-3 
0° CO *TJX9^mtt&oX9)V7V3-6 j a = 

tSH-TiT -f x * i «o«*£&#fc3»jfc-$-s - 1 

[00 60] mz. r-f*?l*«KS#8c*H2~05 
(SlZCS) 02fc&llg dgi.2^Ig) &*ct. 
<0^®^LT^*„ <r<7)lj51I*reii. ±321 lfcT 

36W*-sRtt*c«- (mm) wi &ehu 
t% ±mi iznmmwi oMtrfrfltsas-era 
naswwi G¥MZ7j<t£o%mm 

*}W 4 W»SH2c7)8 0-l 2 0%fcjR^r&t, f&3$ 

f * » 2 msm 3xmizmi «aa^) jwmll \z $n 

era a. 

[ 0 0 6 1 3 TS 1 2<0 3 FH» 1 2 afcttHtt#»Wi 
OTaattW* DfcOEHIJ 1 3#SHtS»*vCfc 0 s £*i 

i cog i ^WSOR^flgp 1 4 iWbtiTfc 0 , tSP9 

1 4 J4«ia»i»fc:P3a3Rtrwi 
LT*m*fiSS*-*J:3teftff!-f*. JEfcs ±S1 lO 
TOflS? 1 4 0?hJU{i WSSB Hat MfWiSB 1 4 



(7) #^1 1-1 90408 

1 2 

i^cM^^ia^fiLTTffisui i aiz&z&m 
mmi 5t)mihi\xa*), mmmmisimt 

i. 

(82IS : «W tl8) 03{im2lSSr^-t0T-S> 

io mtmrnsxtbht. mjMxmmimLt^ 

[0062] * -f , ±TM2 1,22 £l\*xmtt& 
*»fe*4+ffi2 5A^I6$ilT^«. TS2 2 

20 <7)Wifa}>\-wiz®#>±iTizmwumu2 3#&}ft> 
tix&*). mttm ?>T!®m>mm t fflftsi! 2 3 #&tk 
Lfc t ; 6 T'i»ffw 2 t tm 2 2 cosa^Srt & J: 3 

{C^TV^4. ic7)t#. *WW 2 OTJ§i6{iTM2 2 
^^^8^2 2 afc5®S*utfl»2 4»iSB^ 

h~r Mzm^tz^miz^-ox^ . 

[ 0 0 6 3 ] -?■ bX . ^««®-C±M2 1 St/iH2 5 

LX WgiB 5 <0-§|5T'J) §PQnP5 a SiBtf 
St fc 1 ±M2 1 ^^^2 1 atfmtfWz 0±ffi 

30 mmEixmmimi, zcommz^^m^ 

X. TM2 2(7)TfflgP2 2a. mi%2 3&VflgP2 4 
(^3X8) a4li»3lS*Stt®Tft'5. £¥#(4 
S3 1 li? -f X? 1 0/JvgflBf2 *fl£«i-i/J>®Ba5Jft 

^3 3 1 Brfflnmm^o h5;y 3 >-a4 

h 7 9 */ 3 yfflfiSc^B 3 4 t /]«SPjSJg® 3 3 
»fc:R»t 4>iiT/ha«»2 rtffiB 5 co-B&m 
40 t4+ai35fc*#U % TS3 2«*g«8»3SjjaBt 
**®i»J«»1S 3 6 fc *@flSn£7im 3 6 «)(f"t*t 
+S3 5t|S|^|g(t^il?tflg|53 7i&*-fi>. flS5 
3 7 LfcgS 2 IST'TS 2 2 iOfla 2 4 iOjff^ 

a5«K9S*i.«:3RftW3 <0B3»2 6*««fta*iiSJ:dC 

fc. TS3 2^TOW^S3 8*lEII§nTfc > '9. 
I»fffl3 8 tTS3 2 ttJ:r>riHtt<0*ffi«lll»Jfi}Kffi 
WfiMZtiXm. 
50 [0 0 64] *U"Ts i<0«J||-Cs ±M3!Sy*M3 
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1 3 

3, h5^^sVB»K»lli3 42M^*S*BafjR»iB3 5 
tfiH?ii£&Ztiklkt>£* *S3 5*f3Rtrw3 o 

*aLfc««-crtsa5^-«T*iiHi«5 b 

tcko, mmkzmix^mmmmcomtoz 

[ O O 6 5 ] ^OJ: 0 UTft&ftfcaUBftiflW (ift 

XgfcT » 0 5 cOZj^ll-C^-f V< U S £ 7V 

*icr hu s >jJT*s-r<& i t t, iz. mm 5 comm. 3 
tw$mm\:wm,zz. oaaswHrvv 2 <5>t«ffiit 

[00 66] 3&>i»4T-f^^<OKffifc:fcV»Tli» 

s t mt t vm&aam < * •> xmmzm.z&m- 

[00 67] »Hgt4iV^TnjKBflWi com 

z^frmzzK Lx^hcnx\ w.2JLmmfM&smz 

g-c<oiR$ft*«<?-s£i:#-c&» -rcoteii. H2x 
nx-comm.2 1 , 2 2&ti f H3ig-eo$3§i!3 1 , 

[00 683 3E(c s SSlIStetJV^njKBrWi <?)J8 
LT^iii*^ m2lSt-c7)4'S2 
5 Off U&afiKRVJIl 3 IgTW+S 3 5 Off U Ji» 

[0069] Kfc, m 1 XH*'ft*3Ifi«4HST* 

mm^m^izmm^mmizimik^tii x ■? 
-> x v ^ ot\ siswmt je t v \taarcjfi»s ftt 

[0070] JEt, SJffift* 3Igfc$HtT=8»«>S 

^MXS <SSl&t>"f&2Xil> TKJ&t&itKiO. 
I 0 0 7 1 ] IK, SffiSftAWi OTiJSDXSrJgUTr 



(8) ftBBTl 1-1 904 08 

1 4 

y7%m§h (mummm%ti x%+Mz*vm- 

[ 0 0 7 2 ] *H>»^»2^«t^»JBT*4 h 

^@Sg|5 3 k OSKUffflRMiattO f7?y 3 yffi4 A< 
10 ffi^StiT 0 , ^Wffi 2 fflOSffi*^ fcifcW£ig 

flffiB5i:3itTV>4. iCT. H6aVHl4*«H 
LT, r-<Xi?5 1^frri.^^7n-6oa*> 
X\ YJ9i'B>W4m<?>X-9!l'7n-(>tWih*7?i' 

3ym4cr>imPt<D%i-nig.0tf2~~3o° , 
<i*5~2o # ^ixd^immm^^ ^5 \<n 

20 ^gss 3 o^ffis^it^saj 3 mmizztizti 

0 = 2—30' co rf-fAMEt?B^^7o- 
6 j tfjiSLT^ftU ^^5^^ = 2-3 0* O 
rfVx^^ffitffi-5^^yl/7n-6j tffa?5 1 

^>«wrifi] 1 1 /3 Acommizm-o x&& lx . 

[0073] =5:43. h7^3>I4C0SlPl:^t 
M(9A { 3 0* ^fiS^. 6^^7o- 6 tt. xyH7Q 

30 6r-fX^««« (»JfL*feffiT) **B<JIHtc*4. 
[0 0 74] tfc. :«fu^5 m s 01 ostxs 

bfcU:*8£fc, h7^^ayffl4A^a$^[6]fcl . 
5 b J^iJlflfc««tiMlfJJE^A«^*fll 5 2 
^-Lck^fc^oTfeO, HWis [*l@ffi50/M2ffig|52 

mcommfr few* wtc 1 / 3 a < a«t ^ 9 5 1 oft 

A) UTcomfc^X\Za®gtcr>0&miY&.m5 2tf 
40 flqeEU^idtc^TV^*. 

[0 07 5] *>*>*;|B«^<X7 5 1(ctiVvri±s y< 

7-d- 7 *flE*-c«w»-^t £ h 7 ^ >- 3 ym 

4t<9 = 2~30* o rr'-fXi?*ffit^'5^^7n 
-6 j M8b5^v'a>'ffl4tje-jTjt«LT#ftL'C 

yffi40/N*7-D-70^^g|5^tfc(tSW4<7)4[J 

&&\h^mmititf%*.Lm<%~>XT 4 ^ 5 io« 

50 [0076] f-<^10rtSI5Ci9 = 2-3 



11/06/2001, EAST Version: 1.02.0008 



(9) 

1 5 

W2IH<0f|B*»'9«l*|6iei/3A<O«lltj|-5tfftt 

a-tf&tc^Xolz-flZbtfTZ&bbllz. 0 = 2 
~30° o rfU^i»:i{?^^7D-6 j #r 
5 lO/J>SSBaf2ll^«ffl{:<>#ft LTV^SO 

ikj^TSS. 10 
[0077] JEfc, h7?y3yH4«^miL 

»32rfo(c 1 . 5 b$ffioStfL £t>"l*rfl®503 VC 

fcS/hS^2»^ffl4>&*i*|6lfc 1 /3 AOTOle 

5 1 ^#^<7*g«£#£II]$-f 6 d fc A { T*^ £ . 
[00 78] iWc. T-fX?5 1tf>«lt*ffi£07~0 
9*#BHLTil"fi-f£. 20 
(SHlg:**&»Ig> 07teg51Xg (ig£&* 

is) Zvkixa*). ft^Mis^a^tawRiB, 

(i, ±S5 1 fcTS5 2fctf>|BHc, WSJffifcffldjfafcffi 
^X*?lV7v-6t>m&tmmm («KM¥) W 

[0079] TM 5 2<7) 3 FffigP5 2 acO+AaU-tiRtt 
*HWi i OT»«* 0 j£t« 5 3 tmtZ,tLX ti 30 
0 „ DOSP 5 3 fcPJffigflWi i <r)Tt&Kimt mtsZb 
lz X *) , TM 2 fc L* t JE«a-3i||H=ff fcfi l> i 

[0080] _LM5 1 <0«f>J»l»fc:UJdrfc|6|ftT 
MS* STwqffl*5 1 a*s|HI»5 3 fcH't4=RJt^n 
Tfc 0 , EKr-ABOM 5 1 aO&ffiOTfflB 5 4 fc Sfl 
7— A[HJg&5 1 a<0lHffl»5 5tC«nS»«W 

n<7)±mmmm wjmb±MBb&m) mmt 

Wi 1 0±SSP2r»J I T±M 5 1 fc <0ffiffl L fcIE«I.o 40 
(*2I8) H8Ji*2Ig*jjsl/tfc'h 

M6 l fccofflfcH l lfi?JB*&**ifcamwi 

t^-f «t o=5rr < x? 5 1 

[008 1]Tffl6 2ttT<fX?5 1«*g»»3*jS 50 



ItdST 11-19 0 4 0 8 
1 6 

m&*tzmfmw6 3ttbx&<o. w&ma& 
mm 6 3^+*»wi» i la-cwawfwi :*)-F«a«= 

me i<rm s 2 conggB e 4 iz&t *) at» i fc t «fc 0 , 

S6 2 fctfDftft LjWE«JIL-?flBHctTi3<t& ± 3 CCro 

[0082] 036514^4**5 l<0/hS««2*J* 
#-$-4*S*»J*#IH 6 6 fc b ^ a yffi4 fcjftJBf- 
&h5?S'9>iH«»BI6 7fcfclrLTfc l 3. 'hStttt 

[ 0 0 8 3 ] _fcS6 1 (OTiffiBfcfcis ±*tl*»tt»3l! 
(3ffif51-|. vf-'t EBB 6 8 ffC ^ 6 . r- 

J *\m 6 8 WJgBfiTiiB 6 9 fc $ ftT 0 . ISTfflB 
6 9 1 iSTiiia* *tfc«tfWi 2 <o±i8ffifc 

is v W&lz&fct & jaf»*<^^«^ft 5 2 COM 

BSB7 0 tu*«wi 2 n±msftf%mif t is8 Lxime 

1 fccDS* LsWEfliaollsacIf *>fiS J: -3 tfc-vo* 

5. S!-jT, -r-^«6 8^ffi^7 0c0«^Wi 2 O 

[0 084] ^LT. iWflORT", *S6 5Rtf±S6 
1 rtCTKtJ fc . ««Wi! t/J^»fi9Kii6 

6 . h 5 * y 3 >ffifig JgB 6 7 ai>'*SSg?«B 6 3 
^itmK^Snfc Sfc it, ±M6 l*^«Wi2« 
^*a!tiI^LTP3g|i6 4 t«0BIt:«B7 1 £»Lfctt 

i 0. H8W&*ii-fc^-J: 5 f^?51 ftfbR 

2Tux'iim&£7mzTM6 2 btme 5 bcomiz-t 
% mc zBftz LT^asss 3 nftemwj s 

"5. AW«S3atlllJBLT??!MKrj«««*0«!lD*fl«S 

[0085]*fc.±S61 **3BttWi iO«f»*aStfl»C 
■f&RWi. ±S6 l<7)f-A-[lf]g|56 8*^«Wi2«0± 

I. fc fc <> £ . ^«wi 2 t aqw * 

[0086]^^^^ {cL.T#fenfeswaftiftWi3iia 
xet-c , 11 9 «zjj5i«i» , c*f-tt«*» u s £?v 

*fc-Cb'Ji5^l»*t4fcfc*)K, rtgB5i0aM7 

is-ri-xfcTagcL. -e^f*, zwizwmtoxzm- 

i fc 0 . H9<05l*T3St««»ttO7 f -f 5 1 



11/06/2001, EAST Version: 1.02.0008 



1 7 

[0087] ±ief2»*^ "51 3 1„ frfrhfi 

g yffl 4 , *®3S 3 Ofl-^ffi&tf MISSIS 3 <9#ffl 
fc*ii* , li0 = 2~3O* £0 r74Z.?&gs£B5X9 

[0088] Sfc. s«8t-c*>4fc«>sixefci>H-* 
pja**rwi i cos£/h£ < , tfrfc . m2ist*> 

wt±£6 1(7)t-^W6 8ifl|§flWii05jy8S£» 
5 2 *&*HWi 2 c7)TWtff DhLXWTWMX'Wi 
b5^^ayBS436»4,»S*|fiitl. 5 b*9fcX£& 

[0089] 



;5t. 

a (I 



do) mr-i i-i 90408 

1 8 

*X^05BAtta»tffr>fcfe**5rf. all. 

014£#H&l/C h7^^3^H4<?)a^60Sa 
(fa?««tTtTM) t<r>%?ft&X' 

[0090]^l£7)NO. l~NO. 6«T-fX^^T' 

\*&wmmmx'h*) . no. i~no. 4ot>.x 
^'<±^7^^3yffi^^6'=2—3o ,, o ^f-ixjwm 

(Cffi^WD-j fl^fctU .TO? "MONO. IS. 
tfNO. 207-1 X?f±a<4 5" fc U NO. 325IA' 
10 NO. 4<7)T 4X7\±a^A5° kLK.. NO. 
5&IXNO. 6«f^?lie = 2-30' flffU 

Tff^SiOTfcfflWi. 55fc, NO. 7AVNO. 8 
[009 1 ] <9 = 2-30" fc-fSHfiJi. 

aasftflw^^n-fciHEU Browses .rfc-c- 

20 ^^7D-tL % a" 2rilSi.SKHSr*^Hfloe 
«8tTV*?lil^Lfc2^0SS;*j8Bffi 
[0092] 



Na 




a [deg] 


3! & * 


n s 


1 


s Ste w 


Z 7 


1 2 3hrT8fcifl 


A 


2 




3 7 


1 9 4hrrttft 


A 


3 




4 8 




O 


4 


if 


6 0 


2 7 2hrTlSQ*. -> 9 >5Nw9 ? £ 


O 


5 


tt 




3 5 0 hrTGSt'i; U 


© 


6 


// 






@ 


7 


$ h 




9 7hrT?«M 


X 


a 


% % « 




6 3 hrTM&ls 


X 



: ft 5 tan 

[ 0 0 9 3 ] m 1 frt>Wt>fr%£ o fc, *%B^tf0r 4 * 
? (NO. 1— NO. 6) liSeftOf^? (NO. 7 
XVN 0.8) fcJfr^T yM^MAtt^^cli 

[00 94] £tz, *ffll<7)T4A?<Do'hX*ct^4 5 
° <0t4*:? (NO. 3&tfNO. 4) lia<45* <?) 

fa;(NO. l&tfNO. 2) ^Jt^tiDiS^tt 

&thT4*9 (NO. 5&tfNO. 6) CO^TJI. 

[0095] Jfirfc. HStti3 5 0 h r T'jtfcfcsS^ ^ ^ 
0° i^ = 2* tli«t3 5 OhrBLhtftO, tttLb^ 



*«^^«^MEftl ( 0 . 3 Dgg : 01 Oa^Hl 2# 

[0096] ^2C0N0. 1-NO. 8«fa?ll4 
Bt<9 = 2 — 3 0° O *t ^t^tM^&ott^yu 

[0097] 
50 [S2] 



11/06/2001, EAST Version: 1.02.0008 



(11) 



1 9 



mm^i i 

20 



190408 



Na 


0. 3Dft©So^e><D£3 


£ a tt & 


*<J S 


1 


0 


1 7 OhilCT i/a vSaftiJCI 


A 


2 


0.25b 


1 7 3hrl-T h5^a VffiftlJQ 




3 


0.6 0 b 


2 1 2 hrt^TT h7?v3 >CTJS3 


O 


4 


0. 9 0 b 


2 0 8 hrCT h5?vs 


O 


5 


1.2 5 b 


2 3 9hricrh9^^3 vaffftO 


O 


5 


1. S b 


2 5 QhrS&ftL 


© 


7 


2.55b 


2 5 OhrS&fct 


@ 


S 


4. 5 b 


2 5 OhrRfcttt 





[OO 98] *2*>MJ^* i: S:J:'5tc. h7?ya>I 
[00991^3 tfa? rtflffi^^S^^^R^ 

x% aist^^iml B«i*iaHtc«Jt4/j^a«» 

[0 1 00] *3£ONO. 3~NO. 8<?)fU?(^ 
2-3 0' O ffa^ICS^^^n-j #r* 



20 



( b/a) x i o o%«igffltcffs-ri>^-a 

T4^*ffl^a«Lfc. NO. lStfNO. 2 

TWAtt§SJ»*ffo£. NO. 3-NO. 8<9f 
A) x l o 0%fctf>WflWi, Kft*PBSUTKfN-4£ 

[0101] 
[»3] 



Na 






(VA)xlOOrtl 


3 » & h 


¥1 £ 


1 




hi u as L 






X 


2 








s flhr-p/j\Mrta»*y«sfl 


X 


3 






1 5 




A 


4 






2 2 




O 


5 






3 4 


2 5 OhrffiJSfcl/ 




6 


it 


fit it 


4 1 


2 & Ohr^SCrL 


@ 


7 


» 


mm 


5 3 


2 5 OhrHHKtU 


@ 


3 


tf 


mm. 


5 1 


, 2 5 OhrMBfcl/ 


@ 



[0102] *3 J: 0 fc. *%ffl?)T 1 7- 
9 (NO. 3— NO. 8)li^»f-(X? (NO. 1 

2U/NO. 2) £Jt^T/hg*^lfflort&ffl<9WAf^ 

[0 1 03] tfz. #^<3t "3 'k'Cfl&fflfc 40 

fcWt (B/A) xlOO%36»3 3%*jBi6«WtW 

«a^f^^4»*«#fti-st<ofcov^-ca N 250 

MAtt Kftfvt ^ -I. d m\ h . 
[0 104] 

[BfiBwrn**^! *50 



* [0i ] *ffflnmi0mk<wm?hi>T4x?i3L 
[ m 2 ] t * * ? ^Msom i xgfcfKW* fc«xo« 

[03] T4*?<^ffi^2Ig£liror&fctf>»K 
[04] f-^^iOKi&OllSlSiKHWifc^tt 

[H5 ] t ixtmmMMJMn-mzttmtit: 

wwmx-hh. 

[06] *JHB<0* 2 <05tMW>flHRTfc & r ^ 9 SrUi 



11/06/2001, EAST Version: 1.02.0008 



2 1 

[07] r<*? iig£«!&*-£fctf>^ 

[08] T<x?<r^&#2xm£mit&tet>rt$i 

[i9]fu^ oiia#)iMOT<D-#j£ sew s 
[@ i o ] t ■< * * tiiftsB««^AR^?aE»os 
[0ii] h7^v-3yffl^ffl*^^)^t^Bfje 

[012] jK»SKonffiRff|ctJft&»«K<O^H^ 

[013] «#monaaira(cfei**isfcMEft<o* 

[0 1 4 ] a t e^mumht^wmch 

4. 

[0 1 5 ] ho4 ^I^HiHSSS«S:«HW-4fctt<0K 

[01] 



(12) %fffi¥l 1-1 904 0 8 

2 2 

■HWSriBErefcS. 

[016] fi£#<0r a? fcftoBKBHT* 
4. 

[017] T**?fcfcvvc*S£t*OjRUiBiW , j^-* 

[018] ^^T^x^^^^l-sttocDiiaH 
[019] ^^ffco-r * * ? osft * spurt 4 fc«>o 

10 |®f*i. 



1 , 5 1-r-f*? 



2- 
3- 
4- 
6- 
c- 
P- 

e- 



7^7— a— 5 

■mm 

[02] 




11/06/2001, EAST Version: 1.02.0008 



(13) Wl 1-1 90408 



[05] 




[06] 



6 52 5 





[01 2] 




imi 6] 




e(h) 



ass© 0(bl 



153 



63 



[0133 



I «Vm&.t4tfr#fo/ 300mm* 1 



h f — -as 

0.3D I.OD 









*03D 



























11/06/2001, EAST Version: 1.02.0008 



(14) 



1 1-1 9 0 4 0 8 




11/06/2001, EAST Version: 1.02.0008 



(15) 



1-1 90408 



[HI 9] 




11/06/2001, EAST Version: 1.02.0008 



